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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS

The release of over five million cubic yards of coal combustion residue from the Tennessee
Valley Authority’s Kingston, Tennessee facility in December 2008, which flooded more than
300 acres of land and damaged homes and property, is a wake-up call for diligence on coal
combustion residue disposal units. A first step toward this goal is to assess the stability and
functionality of the ash impoundments and other units, then quickly take any needed corrective
measures.

This assessment of the stability and functionality of the Urquhart Generating Station is based on
a review of available documents and on the site assessment conducted by Dewberry personnel on
February 16, 2011. We found the supporting technical documentation adequate (Section 1.1.3).
As detailed in Section 1.2.1, there are two recommendations based on field observations that
may help to maintain a safe and trouble-free operation.

In summary, the Urquhart Generating Station Ash Pond is SATISFACTORY for continued safe
and reliable operation, with no recognized existing or potential management unity safety
deficiencies.

PURPOSE AND SCOPE

The U.S. Environmental Protection Agency (EPA) is investigating the potential for catastrophic
failure of Coal Combustion Surface Impoundments (i.e., management unit) from occurring at
electric utilities in an effort to protect lives and property from the consequences of a dam failure
or the improper release of impounded slurry. The EPA initiative is intended to identify
conditions that may adversely affect the structural stability and functionality of a management
unit and its appurtenant structures (if present); to note the extent of deterioration (if present),
status of maintenance and/or a need for immediate repair; to evaluate conformity with current
design and construction practices; and to determine the hazard potential classification for units
not currently classified by the management unit owner or by a state or federal agency. The
initiative will address management units that are classified as having a Less-than-Low, Low,
Significant, or High Hazard Potential ranking (for Classification, see pp. 3-8 of the 2004 Federal
Guidelines for Dam Safety).

In early 2009, the EPA sent letters to coal-fired electric utilities seeking information on the safety
of surface impoundments and similar facilities that receive liquid-borne material that store or
dispose of coal combustion residue. This letter was issued under the authority of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

Section 104(e), to assist the Agency in assessing the structural stability and functionality of such
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management units, including which facilities should be visited to perform a safety assessment of
the berms, dikes, and dams used in the construction of these impoundments.

EPA requested that utility companies identify all management units including surface
impoundments or similar diked or bermed management units or management units designated as
landfills that receive liquid-borne material used for the storage or disposal of residuals or by-
products from the combustion of coal, including, but not limited to, fly ash, bottom ash, boiler
slag, or flue gas emission control residuals. Utility companies provided information on the size,
design, age and the amount of material placed in the units (See Appendix C).

The purpose of this report is to evaluate the condition and potential of residue release from
management units. This evaluation included a site visit. Prior to conducting the site visit, a
two-person team reviewed the information submitted to EPA, reviewed any relevant publicly
available information from state or federal agencies regarding the unit hazard potential
classification (if any) and accepted information provided via telephone communication with the
management unit owner. Also, after the field visit, additional information was received by
Dewberry & Davis LLC about the Urquhart ash ponds that was reviewed and used in preparation
of this report.

This report presents the opinion of the assessment team as to the potential of catastrophic failure
and reports on the condition of the management unit(s).

Note: The terms “embankment”, “berm”, “dike” and “dam” are used interchangeably within
this report, as are the terms “pond”, “basin”, and “impoundment”.

LIMITATIONS
The assessment of dam safety reported herein is based on field observations and review of
readily available information provided by the owner/operator of the subject coal combustion
residue management unit(s). Qualified Dewberry engineering personnel performed the field
observations and review and made the assessment in conformance with the required scope of
work and in accordance with reasonable and acceptable engineering practices. No other
warranty, either written or implied, is made with regard to our assessment of dam safety.
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1.0 CONCLUSIONS AND RECOMMENDATIONS

1.1

CONCLUSIONS

Conclusions are based on visual observations from a one-day site visit, February 16,
2011, and review of technical documentation provided by South Carolina Electric
& Gas (SCE&QG).

1.1.1

Conclusions Regarding the Structural Soundness of the Management
Unit(s)

The dike embankments and spillway appear to be structurally sound based
on a review of the engineering data provided by the owner’s technical staff
and Dewberry engineers’ observations during the site visit.

Conclusions Regarding the Hydrologic/Hydraulic Safety of the
Management Unit(s)

Adequate capacity & freeboard exists to safely pass the design storm.

Conclusions Regarding the Adequacy of Supporting Technical
Documentation

The supporting technical documentation is adequate. Engineering
documentation reviewed is referenced in Appendix A.

Conclusions Regarding the Description of the Management Unit(s)

The description of the management unit provided by the owner was an
accurate representation of what Dewberry observed in the field.

Conclusions Regarding the Field Observations

The overall assessment of the ash pond embankment system was that it
was in satisfactory condition. Surficial sloughing was observed along the
Ash Pond’s downstream slope. Embankments appear structurally sound.

Conclusions Regarding the Adequacy of Maintenance and Methods of
Operation

The current maintenance and methods of operation appear to be adequate
for the fly ash management unit. There was no evidence of significant
embankment repairs or prior releases observed during the field inspection.
Vegetation removal is required on the downstream slope.

Urquhart Generating Station 1-1

South Carolina Electric & Gas

Coal Combustion Residue Impoundment
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1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring
Program

The surveillance program appears to be adequate.

1.1.8 Classification Regarding Suitability for Continued Safe and Reliable
Operation

The Ash Pond is SATISFACTORY for continued safe and reliable
operation. No existing or potential management unit safety
deficiencies are recognized. Acceptable performance is expected
under all applicable loading conditions (static, hydrologic, seismic) in
accordance with the applicable criteria.

1.2  RECOMMENDATIONS
1.2.1 Recommendations Regarding the Maintenance and Methods of Operation

An action plan should be developed to address removal of woody
vegetation along the downstream slope. Specifically, SCE&G needs to:

e Remove brush from the downstream slope

e Address minor rutting along crest and avoid vehicular traffic along
crest
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2.0 DESCRIPTION OF THE COAL COMBUSTION RESIDUE MANAGEMENT
UNIT(S)

2.1 LOCATION AND GENERAL DESCRIPTION

The Urquhart Generating Station and ash pond are located in Beech Island, South
Carolina just off the Savannah River. The town of Jackson is approximately 7
miles downstream of the ash ponds. Figure 2.1a depicts a vicinity map around the
Urquhart Generating Station while Figure 2.1b depicts an aerial view of the
Urquhart Generating Station.
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Dry Ash < Y
Storage g i A~ ol Station

Figure 2.1b: Urquhart Generating Station Aerial View

Table 2.1: Summary of Dam Dimensions and Size

Urquhart Ash Pond
Dam Height (ft) Upper Pool 8’; Lower Pool 14’
Crest Width (ft) 12
Length (ft) 1,450
Side Slopes (upstream) H:V 2:1
Side Slopes (downstream) H:V 2:1

Appendix A: Doc 01 — Site Plan

-
4
Ll
>3
-
O
O
Q
L
=
-
L
O
ol
J
<
Q.
Ll
2
-

Urquhart Generating Station 2-2
South Carolina Electric & Gas Coal Combustion Residue Impoundment
Beech Island, South Carolina Dam Assessment Report




FINAL

2.2 COAL COMBUSTION RESIDUE HANDLING
2.2.1 Fly Ash

Fly ash is collected at the base of the stack by an electrostatic precipitator.
The collected ash is stored in hoppers and conveyed pneumatically to a
silo. From the silo it is mostly sold for beneficial use. What is not sold is
hauled via truck to a permitted dumping site. The plant does not discharge
into the ash pond.

Hopper discharge where trucks can load ash material
2.2.2 Bottom Ash

Bottom ash is collected from the furnace and is conveyed hydraulically
through a pipe to a dewatering bin. From the dewatering bin it is trucked
to a permitted landfill. The transport water overflows from the dewatering
bin to the ash pond. A small amount of bottom ash fines may carry over
into the ash pond, but this has not been confirmed or quantified.
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2.2.3 Boiler Slag

Boiler slag is collected from the boiler and is sluiced into the same pipe
that conveys bottom ash into the dewatering bin.

2.2.4  Flue Gas Desulfurization Sludge

No Scrubbers are used in this plant so there is no flue gas desulfurization
(FGD) process or related waste products to be discharged.

2.3 SIZE AND HAZARD CLASSIFICATION

The ash pond is partly impounded by an earthen embankment system consisting of
a dike configuration and partly incised into natural grade. There is one ash pond for
the plant separated into two pools (upper and lower) by an internal dike. Reference
Table 2.1 for dam height, crest width, length and side slopes. The current storage
volume at the normal pool elevation is 30,810 CY for the ash pond based on a
SCE&G Pond Volume map provided (Appendix A: Doc 03 — Pond Volumes).

Table 2.3a: USACE ER 1110-2-106
Size Classification

Impoundment
Category Storage (Ac-ft) Height (ft)
Small 50 and < 1,000 25 and <40
Intermediate 1,000 and < 50,000 40 and < 100
Large > 50,000 > 100

A Hazard Classification has not been assigned by a regulatory agency, but based on
observations, a classification of LOw appears to be appropriate. Per the Federal
Guidelines for Dam Safety dated April 2004, a Low Hazard Potential classification
applies to those dams where failure or misoperation results in no probable loss of
human life and/or environmental losses. Losses are principally limited to the
owner’s property.
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Table 2.3b: FEMA Federal Guidelines for Dam Safety
Hazard Classification
Loss of Human Life Economic, Environmental,
Lifeline Losses
Low None Expected Low and generally limited to owner
Significant | None Expected Yes
High Probable. One or more Yes (but not necessary for
expected classification)
Urquhart Generating Station 2-4
South Carolina Electric & Gas Coal Combustion Residue Impoundment
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24 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE
UNIT(S) AND MAXIMUM CAPACITY

The ash pond contains fly ash, bottom ash, pyrites and boiler slag. The drainage
area is essentially the surface area of the ponds.

Table 2.4: Maximum Capacity of Unit
Urquhart Ash Pond

Surface Area (acre) 2.2

Current Storage Capacity (cubic 29.500-30,810

yards)

Current Storage Capacity (acre-feet) 18-19

Total Storage Capacity (cubic yards) Not Provided

Total Storage Capacity (acre-feet) Not Provided

Crest Elevation (feet) 142.8

Normal Pond Level (feet) Upper Pool 135.8/Lower Pool 134.6

Appendix A: Doc 04 — EPA Questionnaire
2.5 PRINCIPAL PROJECT STRUCTURES
2.5.1 Earth Embankment

The ash pond system is located in the flood plain. It contains the
following from top to bottom:

e Fill placed circa 1977 for the ponds;

e Fill Placed in the Flood Plain during the original plant construction
Circa 1953;

e Naturally occurring Flood Plain Sediment.

It was determined by F&ME Consultants that all fill material used is
naturally occurring river and Coastal Plain Sediments from the immediate
plant site and there was no evidence of ash material used in the
construction of the ponds. (Appendix A: Doc 05 — Subsurface
Investigation and Structural Stability Report).

2.5.2 Outlet Structures

The pond has a riser with 18” reinforced concrete pipe (RCP) that
discharges into the Savannah River.

Urquhart Generating Station 2-5
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2.6 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT

All critical structures were attempted to be located by using aerial photography
which might not accurately represent what currently exists down-gradient of the
site. No critical infrastructure was found to be downstream of the site.
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Figure 2.6: Critical Infrastructure Map
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS

Summary of Reports on the Safety of the Management Unit

2010 Annual Ash Pond Dike Inspection, Urquhart Station. (Appendix A: Doc 06 —
2010 Urquhart Annual Inspection). Comments from the 2010 report include:

e Minor surface erosion is present on some areas along the berm and needs to
have 4 inches of top soil placed and be re-seeded;

e Any new woody vegetation along upstream face of ash pond should be
removed;

e Routine maintenance such as grass mowing, fertilizing, applying herbicide
to rip rap armored banks and regularly scheduled quarterly visual
inspections and an annual inspection should continue;

e Develop an Emergency Action Plan (EAP) for the ash pond.

2009 Ash Pond Dike Inspections, Urquhart Station. (Appendix A: Doc 07 — Dike
Landfill Pond Inspections 2009). Comments from the 2009 reports include:

e The January 8, 2009 inspection concluded that no problems were
encountered during the inspection and that erosion areas are currently being
worked on;

e The April 4, 2009 inspection concluded that erosion areas need to be
corrected due to recent rain events;

e The remaining inspections dated July 6, 2009, October 6, 2009, and
September 29, 2009 had no comments.

Additional inspection reports can be found in Appendix A: Doc 08-11.

3.1 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL
PERMITS

Discharge from the impoundment is regulated by the South Carolina Department of
Health and Environmental Control (SCDHEC) and the impoundment has been
issued a National Pollutant Discharge Elimination System Permit (Permit No.
SC0000574 was issued October 22, 2003).

3.2 SUMMARY OF SPILL/RELEASE INCIDENTS

Data reviewed by Dewberry did not indicate any spills, unpermitted releases, or
other performance related problems with the dam over the last 10 years.
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION

4.1 SUMMARY OF CONSTRUCTION HISTORY

4.1.1

Original Construction

The plant began operation in 1953 and, based on documentation from the
slope stability analysis report, portions of the embankments were
constructed around that time frame. In 1977 additional fill was placed for
construction of the ponds. (Appendix A: Doc 05 — Subsurface
Investigation and Structural Stability Report). Very limited information
was provided for the original construction of the ash pond.

Significant Changes/Modifications in Design since Original Construction

In 1977 additional fill was placed for construction of the ash ponds. No
additional information was provided.

Significant Repairs/Rehabilitation since Original Construction

No documentation of significant repairs/rehabilitation since the original
construction was provided.

4.2 SUMMARY OF OPERATIONAL PROCEDURES

4.2.1

422

Original Operational Procedures

The ash pond was designed and operated for reservoir sedimentation and
sediment storage of ash. Coal combustion residue and stormwater runoff
from around the ash pond facility are discharged into the reservoir. Inflow
water is treated through gravity settling and deposition, and the treated
process water and stormwater runoff are discharged through an
unregulated type overflow outlet structure. The ponds are not used for
permanent storage and are periodically dredged to remove ash material.

Significant Changes in Operational Procedures and Original Startup

No documentation was provided describing any significant changes in
Operating Procedures.

Urquhart Generating Station 4-1
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4.2.3 Current Operational Procedures

To the best of our knowledge, original operational procedures for bottom
ash handling are in effect. The fly ash system was modified in 2010 to
eliminate carryover of fly ash into the ash pond from the transport system.
Bottom ash and fly ash are now being disposed in an offsite permitted
commercial landfill.

4.2.4 Other Notable Events since Original Startup

No additional information as provided.
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5.0 FIELD OBSERVATIONS

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS

Dewberry personnel Frederic Shmurak, P.E. and Justin Story, E.I., LEED AP
BD+C performed a site visit on Wednesday, February 16, 2011 in company with
the participants.

The site visit began at 10:00 AM. The weather was cloudy and cool. Photographs
were taken of conditions observed. Selected photographs are included here for ease
of visual reference. All pictures were taken by Dewberry personnel during the site
visit. The Dam Inspection Checklist in Appendix B has additional site data.

The overall assessment of the dam was that it was in satisfactory condition and no
significant findings were noted.

5.2 URQUHART ASH POND
5.2.1 Crest

The crest had no signs of depressions, tension cracking, or other

indications of settlement or shear failure, and appeared to be in
satisfactory condition. Minor rutting was observed along portions of the
crest (See Photo 5-1.).

Photo 5-1. Rutting along crest
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5.2.2 Upstream/Inside Slope

The upstream slopes are mostly vegetated with tall grasses and other
wetland vegetation. No scarps, sloughs, depressions, bulging or other
indications of slope instability or signs of erosion were observed (See
Photo 5-2.).

Photo 5-2. Overall view of interior of ash pond
5.2.3 Downstream/Outside Slope and Toe

No scarps, sloughs, depressions, bulging or other indications of slope
instability or signs of erosion were observed. Brush was observed along
the southeastern section of the downstream slope (See Photo 5-3.).
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Photo 5-3. Brush along southeastern downstream slope
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5.2.4 Abutments and Groin Areas

The ash pond embankment consists of a dike system completely
surrounding the pond; therefore the earthen embankment does not abut
existing hillsides, rock outcrops or other raised topographic features.

5.3 OUTLET STRUCTURES
5.3.1 Overflow Structure

The outlet structures for the ash pond were properly discharging flow from
the pond and visually appeared to be in good condition.

5.3.2 Outlet Conduit

The visual portion of the outlet conduit was functioning properly with no
apparent deterioration.

5.3.3 Emergency Spillway
No emergency spillway is present.
5.3.4 Low Level Outlet

No low level outlet is present.
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6.0 HYDROLOGIC/HYDRAULIC SAFETY

6.1 SUPPORTING TECHNICAL DOCUMENTATION

6.1.1

Flood of Record
No documentation has been provided about the flood of record.
Inflow Design Flood

According to FEMA Federal Guidelines for Dam Safety, the current
practice in the design of dams is to use the Inflow Design Flood (IDF) that
is deemed appropriate for the hazard potential of the dam and reservoir,
and to design spillways and outlet works that are capable of safely
accommodating the floodflow without risking the loss of the dam or
endangering areas downstream from the dam to flows greater than the
inflow. The recommended IDF or spillway design flood for a low hazard,
small-sized structure (See section 2.2), in accordance with the USACE
Recommended Guidelines for Safety Inspection of Dams ER 1110-2-106
criteria, is the 50-year to 100-year flood (See Table 6.1.2).

Table 6.1.2: USACE Hydrologic Evaluation Guidelines
Recommended Spillway Design floods
Hazard Size Spillway Design Flood

Small 50 to 100-yr frequency

Low Intermediate 100-yr to %2 PMF
Large 2 PMF to PMF
Small 100-yr to /2 PMF

Significant Intermediate %2 PMF to PMF
Large PMF
Small Y2 PMF to PMF

High Intermediate PMF
Large PMF

The Probable Maximum Precipitation (PMP) is defined by American
Meteorological Society as the theoretically greatest depth of precipitation
for a given duration that is physically possible over a particular drainage
area at a certain time of year. The National Weather Service (NWS)
further states that in consideration of our limited knowledge of the
complicated processes and interrelationships in storms, PMP values are
identified as estimates. The NWS has published application procedures
that can be used with PMP estimates to develop spatial and temporal
characteristics of a Probable Maximum Storm (PMS). A PMS thus

Urquhart Generating Station 6-1
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developed can be used with a precipitation-runoff simulation model to
calculate a probable maximum flood (PMF) hydrograph.

The 24-hour, 10-square mile PMP depth is 43 inches. Since the facility
has a contributing drainage area equal to the surface area of the
impoundment, it is anticipated adequate freeboard exists so the facility
would not experience significant flood states. The freeboard of the Active
Ash Pond is 98 inches, so adequate freeboard exists to safely pass the
design storm.

6.1.3 Spillway Rating

No spillway rating was provided. The ash pond is a diked embankment
facility having a contributing drainage area equal to the surface area of the
impoundment; therefore the impounded pool would not be anticipated to
experience significant changes in elevation. The outlet structure type is
unregulated and, given little change in the normal pool elevation, the
resulting discharge rate is expected to be relatively constant.

6.1.4 Downstream Flood Analysis
No downstream flood analysis was provided.
6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION
Supporting documentation reviewed by Dewberry is adequate.
6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY

Adequate capacity and freeboard exists to safely pass the design storm.

Urquhart Generating Station 6-2
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7.0 STRUCTURAL STABILITY

7.1 SUPPORTING TECHNICAL DOCUMENTATION

7.1.1

Stability Analyses and Load Cases Analyzed

A stability analysis report for the ash pond dated March 16, 2011, by
F&ME Consultants provides information on the stability analysis results
and is presented in Section 7.1.4 Factors of Safety and Base Stresses.
Steady state (normal) and seismic loading conditions were analyzed. See
Appendix A - Doc 05: Subsurface Investigation and Structural Stability
Report, for the complete report.

Design Parameters and Dam Materials

A report for the ash pond was prepared by F&ME Consultants, Inc. in
2011. The report includes documentation of the shear strength design
properties for the ash pond embankments. Five (5) sections of the
embankments were analyzed and only one of the most critical sections,
which is adjacent to the Savannah River, is shown in this report (See
Figure 7.1.2). For the complete documentation see Appendix A - Doc 05:
Subsurface Investigation and Structural Stability Report.
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It should be noted that no portion of the embankment is built over wet ash,
slag, or other unsuitable materials.

7.1.3  Uplift and/or Phreatic Surface Assumptions

Monitoring instrumentation devices have not been installed to verify water
levels within the embankment. The assumed phreatic surfaces are shown
on the figures in section 7.1.2 above and the depiction seems appropriate
for these types of structures. No additional information was provided.

The water level of the upstream interior pond was stated to be 135.8” and
downstream interior pond to be 134.6°. These elevations were not
verified.

7.1.4 Factors of Safety and Base Stresses

Table 7.1.4 Factors of Safety for the Five Analyzed Sections of the Ash
Pond (Appendix A: Doc 05 — Subsurface Investigation and Structural

Stability Report)
Loading Performance Factor of
Condition Location Criteria Safety
Max. Storage Per Stability
Pool-Steady Report — Section 1.5 1.99
Seepage 4 Adjacent to
Liquefaction- Savannah River ~10 126
Steady Seepage
FEE
Earthquake- >1.0 1.56
Steady Seepage
SEE
Earthquake- >1.0 1.14
Steady Seepage

7.1.5 Liquefaction Potential

In the report by F&ME Consultants it was determined that during a
seismic event, liquefaction of the foundation soils could occur. The
maximum liquefaction induced settlement was estimated to be about five
inches. The settlement would be expected over a broad area of the ash
pond perimeter and would not be anticipated to create instability of the
perimeter containment system. (Appendix A: Doc 05 - Subsurface
Investigation and Structural Stability Report)
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7.1.6  Critical Geological Conditions

The project site is located on the East side of the Savannah River in Beech
Island, Aiken County, South Carolina and is situated within the Upper
Coastal Plain of the Physiographic Province near the Fall Line (which lies
to the North of the site).

Based on USGS Seismic-Hazard Maps for the Conterminous United
States, the facility is located in an area anticipated to experience a 0.12 g
acceleration with a 2-percent probability of exceedance in 50 years.

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION
Structural stability documentation is adequate.
7.3 ASSESSMENT OF STRUCTURAL STABILITY

Overall the structural stability of the dam appears to be satisfactory.
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION

8.1 OPERATING PROCEDURES

The ash pond was designed and operated for reservoir sedimentation and sediment
storage of ash. However, since the fly ash system was modified in 2010, only
minor amounts of coal combustion residual and minimal stormwater runoff around
the ash pond facility are discharged into the reservoir. Inflow water is treated
through gravity settling and deposition, and the treated process water and
stormwater runoff are discharged through an unregulated type overflow outlet
structure. The ponds are not used for permanent storage and are periodically
dredged to remove ash material.

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES

The maintenance of the dam and project facilities is adequate, although the
following items need to be addressed:

e Address minor rutting along crest
e Remove brush along downstream slope of southeastern embankment
8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS
8.3.1 Adequacy of Operating Procedures

Based on the assessments of this report, operating procedures appear to be
adequate.

8.3.2 Adequacy of Maintenance

Based on the assessments of this report, maintenance procedures appear to
be adequate.
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM

9.1 SURVEILLANCE PROCEDURES
Quarterly/Annual Inspections:

Quarterly/Annual inspections were provided by SCE&G/SCANA and can be found
in Appendix A: Doc 06 - 10.

9.2 INSTRUMENTATION MONITORING

The Urquhart Plan impoundment dikes do not have an instrumentation monitoring
system.

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM
9.3.1 Adequacy of Inspection Program

Based on the data reviewed by Dewberry, including observations during
the site visit, the inspection program is adequate.

9.3.2 Adequacy of Instrumentation Monitoring Program

No instrumentation is needed for the Urquhart ash pond.
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APPENDIX A

Document 1

Site Plan
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Water Balance Diagram
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James M. Landreth

Fice Presickent

Frexl & Rvefro Deeranlions

CscExG p——
o]

A SCANA COMPANY

August 4, 2008

Mr. Richard Kinch

LIS Environmantal Protection Agency (S306P)
Two Potomac Yard

2733 5. Crystal Drive

51 Floor; N-6738

Washington, DC 20460

Dear Mr. Kinch:

This document is prepared in response to the letter from Mr. Barry N. Breen to Plant
Manager, Urquhart Generating Station, 100 Unguhart Drive, Beech Island, South
Carolina, Re: Request for Information Under Section 104{e} of the Comprehensive
Environment Response, Compensation, and Liability Act, 42 U.5.C. 9604{e).

Piease find attached my signed certifying document and responses to questions set
forth.

. Landreth
Enclosure

CC: Mr. Stephen A, Byrne, Sr. Vice President Generation, Nuclear & Fossil Hydro
Plant Manager, Urquhart Generating Slation
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1 certify that Lthe information conlained in this response o EPA’s request for
information and the accompanying documents is true, accurate, and complete. As
to Lhe identified portions of this response for which I cannot personally verify
Lheir accuracy, I cenify under penalty of law that (his response and all attachments
were prepared in accordance with a system designed to assure that qualified
personnel properly gather and evaluate Lhe information submitied. Based on my
inquiry of the person or persons who manage Lhe system, those persons directly
responsible for gathering the information, the information submitted is, to the best
of my knowledge, rue, accurate, and complete. | am aware that there are
significant penalties for submitting false information, including the possibility of
ines and imprisonment for knowing viclations.

Mame:
Title:

This request has been reviewed and approved by Lthe Office of Management and Budget
pursuant i the Paperwork Reduction Act, 44 U.S.C,, 3501-3520.

Please send yvour reply to:

Mr, Richard Kinch

US Environmental Protection Agency (5306P)
1200 Pennsylvania Avenug, NW

Washington, DT 20460

If you are using overnight or hand delivery mail, please use the following address:

Mr. Richard Kinch

US Environmental Protection Agency
Two Potomac Yard

27331 8. Crystal Dr.

5th Floor: K-5738

Arlington, VA 22202 2733
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Refative to the National Inventory of Dams criteria for High, Significant,
Low, or Less-than. | ow, please pravide the potential hazard rating for each
management uitit and indicate who established the rating, what the basis of
the rating is, and what federal or state agency regulafes the unit(s). If the
unit{s) does not have a rating, please note that fact.

The Urquhart Station ponds do not have a rating. Dams and reservoirs in South
Carclina are regulated under the provisions of the SC Dams and Reservoirs
Safety Act. In pant, Rule 72-2D of the 5C Dams and Reservoirs Safety Act
regulations states the following types of dams are exempt from the Dams and
Reservoirs Safety Acl:

*1. Unless the hazard potential as determined by the Depariment is such
that dam failure or improper reservoir operation may cause loss of
human life, any dam which is or shall be {a) less than twenly-five feet in
height from the natural bed of the stream or water course measured at
the downstream toe of the dam, or twenty-five feal from the lowest
elevation of the outside limit of the dam, if it is not across a stream
channel or water course, to the maximum water storage efevation and
b} has or shall have an impounding capacity at maxmum water storage
elevation of less than fifty acre-feet”

Ash Pond 1 and Ash Pond 2 have approximate maximum heights of § and 14
feet, respectively. and have storage impounding capacities of less than fifty acre-
feet each. Therefore, the ponds are exempt from the Act per Rule 72-2.D.1 and
no ratings have been assigned.

What year was each management unit commissioned and expanded?

Ash Pond 1 and Ash Pond 2 were commissioned in 1977 and have received
waste to the present.

The description for management unmits for coal combustion residuals/by-products
offered in the USEPA March 9, 2009 letter is widely encompassing and could be
broadly interpreted to include the following other pondsibasing at the Urquhart
Steam FPower Station:

+ Metals Fond

+ The Low Volume Waste Pond

» Ash Landfill Runcff Basin

« Low Volume Waste Polishing Pond
» Stormwater Runolf Pond

The above ponds/hasing are primarily used for wastewater treatment purposes
and are not designated as landfilisimpoundments for the storage or disposal of
coal combustion byproducts. SCE&G therefore believes that these pondsfhasins



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

are not consistent with the intentions of EPAs Request for Information and we
have limited our responses to Urquhart Station’s Ash Fond 1 and Ash Pond 2.

What materials are temporarily or permanently contained in the unit? Use
the following cafegories to respond to this question: (1) fly ash; (2) bottom
ash: (3) boiler slag; (4) flue gas emission conirof residuals; (5) other. If the
management unit contains more than one type of material, please identify
all that apply. Also, if you identify "other,” please specify the other types of
materials that are temporarily or permanently contained in the unitfs).

Ash Ponds 1 and 2 contain fly ash, botlom ash, pyrites, and boiler slag.

Was the management unit(s} designed by a Professional Engineer? Is or
was the construction of fhe waste management unit{s) under the
supervision of a Professional Engineer? s jnspection and monitoring of
the safety of the waste managemem unil(s) under the supervision of a
Professional Engineer?

Ash Ponds 1 and 2 were designed by a Professional Engineer. The role of a
Professional Engineer in the supervision of the pond construction cannot be
verified.

Routine, scheduled ingpections and monitaring of the ash ponds are not
performed under the superwision of a Professional Engineer. Currently, SCE&G
performs assessments/evaluations of the dike structure for both ash ponds as
parl of the NPDES permit on a quartery basis. The results are internally
documented. The arnual inspection reports are not submitled to DHEC unless a
finding is identfied or a corrective action plan is required. A daily visual
inspection is perdormed to look for signs of cracking, settling, slope movemeant,
ergsion and vegetative growih. If any follow up aclion is required, a Work QOrder
is written and the items completed and closed out in a timely manner. All follow
up actions fo date have been for minor maintenance.

When did the company last assess or evaluate the safety (l.e., structural
integrity) of the management unit{s)? Briefly describe the credentials of
those conducting the structural integrity assessmenis/evaluations. Identify
actions taken or pianned by facility personnel as a result of these
assessmenls or evaluations, If corrective acltions were taken, briefly
describe the credentials of those performing the corrective actions,
whether they were company empioyees or conlractors. If the company
plans an assessment or evaluation in the future, when is it expected to
occur?

SCE&G is not aware of any previous assessments/evaluations of the structural
integriby of the Ash Ponds.
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When did a State or a Federal requlatory official jast inspect or evaluate the
safety {structural integrity} of the management unit{s}? if you are aware of a
planned state or federal inspection or evaluation in the future, when is it
expecited to occur? Please identify the Federal or State requiatory agency
or depariment which conducted or is planning the inspection or evaluation.
Please provide a copy of the most recent official inspection report or
evaluation.

SCE&S is not aware of past inspections by State or Federal officials for the
purpose of evaluating the safety (structural integrity} of the Ash Ponds. SCE&G
is not aware of any plannaed State or Federal inspections in the future,

The Seuth Carolina Department of Health and Environmental Contral (SCDHEC)
periodically inspect the ash ponds. However, these inspections are geneérally for
NPDES permit compliance purposes and do not involve evaluations of the
structural integrity of the pords.

Have assessments or evaluations, or inspections conducted by State or
Federal reguiatory officials conducted within the past year uncovered a
safety issue{s} with the management unii(s), and, if so, describe the actions
that have been or are being taken to deaf with the issue or issues. Please
provide any documentation that you have for these actions.

Mo

What is the surface area (acres) and tolal storage capacity of each of the
management units? What is the volume of materials currently stored in
each of the management unit{s}? Please provide the date that the volume
measurement{s) was faken. Please provide the maximum height of the
management unit(s). The basis for determining maximum height is
explained later in this Enclostre.

Ash Ponds 1 and 2 are not used for the permanent storage of ash, and are
pericdically dredged (approximately once every 12 to 18 months} to remove a
variable quantity of the accumulated ash waste matenals.

Ash Pond 1 has a surface area of approximately 1.4 acres and a total maximum
calculated storage capacity of approximately 18,000 cubic yards. When dredged,
the volume of materials removed from Ash Pond 1 is estimated to be about
5.000-6.000 ¢ubnc yards.

Ash Pond 2 has a surace area of approximately 0.8 acres and a total maximum
estimated storage capacity of approximately 11,500 cubic yards. VWhen dredged,
the volume of materials removed from Ash Pond 2 is estimated fo be about 1,000
cubic yards.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

10.

The maximum heights of Ash Ponds 1 and 2 are approximately 8 and 14 feet,
respectively,

Please provide a brief history of known spills or unpermitted releases from
the unit within the fast ten years, whether or not these were reported to
State or federal reqguiatory agencies. For purposes of this question, please
include oniy releases to syrface water or to the land {do not include
releases to groundwater).

Upon information and belief, there have not been any spills or unpermitled
releases from the Ash Fonds within the last ten years.

Please identify all current legal owner(s) and operator(s) at the facility.

The Urquhart Steam Power Station facility to include the subjecl Ash Ponds is
legally owned and operated by South Carolina Electric & Gas.
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F&ME GEOTECHNICAL o ENVIRONMENTAL o MATERIALS

CONSULTANTS

COLUMBIA OFFICE
312 Devine Stveel
Columbin, 5C 29205

; ph (803) 254-4540
Mr. Tiin Miller, P.E.

South Carolina Electrical & Gas Company
220 Operations Way MYRTLE BEACH OFFICE

c g 1 €403 Legion Streel
Cayce, South Caralina 29032 Myrtle Beach, SC 29577
ph (843) 626-0251
X (B43) 448-0068 |

Re: Urquhart Station
Ash Pond Containment Structure
Subsurface Investigation and Structural Stability Report

Dear Mr, Miller:

Enclosed herein is a report of our Subsurface Investigation and Structural Stability
Analysis. If you have any questions concerning any aspect of our investigation or
report, please do not hesitate to contact me or Mr. Mike Miller, our Senior Project
Engineer for this investigation,

AMSHTO RiB

AASHTO ACCREDITED
LABORATORY

www.fmecol.com
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EXECUTIVE SUMMARY

A Structural Stability Analysis has been completed for the perimeter containment system of the currently
active Ash Ponds at the Urquhart Generating Station located on the Savannah River in Beech Island,
South Carolina. The following is a summary of the findings and conclusions of our Site Subsurface
Investigation and Structural Stability Analysis.

1. The subsurface lithology of the soil stratigraphic units indentified in our subsurface investigation
is complex. The Urquhart Generating Station is situated in the Upper Coastal Plain Physographic
Province adjoining the Savannah River. The plant is situated on the Bluff and the Ash Ponds
under study are located partially on the Bluff and partially in the Flood Plain of the Savannah
River. The portion of the Ash Pond system located in the Bluff is insized. The portion of the Ash
Pond system located in the Flood Plain contains from top to bottom:

a) Fill placed circa 1977 to form the ponds;
b) Fill placed in the Flood Plain during the original plant construction Circa 1953; and
c) Naturally occurring Flood Plain Sediment.

2. There is no evidence from our investigation that indicates fly ash or other coal or boiler residue
was used in construction of the Ash Ponds.

3. The perimeter containment system for the Ash Ponds has been characterized into two unigque
segments:

A. Segment 1: Constructed embankment, which forms the western side of Pond 2 adjoining
the Savannah River and;

B. Segment 2: The remaining perimeter of the ponds, where the ponds are constructed below
original or Pre 1977 grade (incised).

4. Based upon our integration of all the data gathered during our investigations, slope stability
analyses were performed on 5 “typical” cross sections.

5. Federal Energy Regulatory Commission (FERC) Dam Guidelines and The U.S. Department of
Labor Mine Safety and Health Administration (MSHA) Manual for Coal Refuse Disposal Facility
Manual were utilized to establish design factors of safety.

6. United States Geologic Survey Seismic Criteria were utilized to determine maximum ground
acceleration for our seismic analysis.

7. We understand that there have been no historical slope stability issues within the perimeter
containment system.

8. The perimeter containment system exceeds all minimum factors of safety for design static loading
conditions.

9. The perimeter containment system exceeds minimum factors of safety for the assumed seismic
event loading conditions.

Urquhart Station Ash Pond Dike Investigation Page 1 F&M E
Subsurface Investigation and Structural Stability Report CONSULTANTS



10. During the assumed seismic event, liquefaction of the foundation soils could occur. Maximum
liquefaction induced settlement will be about five inches. The settlement is expected to oceur
aver a broad area extending beyond the pond perimeter and to be uniform in nature due to the

depth of the liquefiable sediments. The magnitude of anticipated differential settlement would
not create instability of the perimeter containment system.

This report has been prepared by F&ME Consultants for use by South Carolina Electric and Gas and/or

their parent company, SCANA Services. The following Senior F&ME professionals assisted in the
performance of fieldwork and the preparation of this report.
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1.0 Introduction

Urguhart Station is a 650-megawatt coal-fired power station owned by SCE&G. The station is
located on the Savannah River in Beech Island, South Carolina south of the City of Augusta,
Georgia. The plant began operation in 1953. It burns approximately 40 tons of coal and 4 billion
cubic feet of natural gas per hour when running at full capacity. Coal fly ash from the plant
operations is currently processed in a series of two ponds located northwest of the generating
facility adjoining the Savannah River. The ponds are designated as Upper Pond and Lower Pond,
with Upper Pond being used for coal ash sluicing activities and Lower Pond being used as a
polishing pond. Water is discharged into the River in accordance with the facilities wastewater
permit.

The objective of this study is to determine the structural stability of the ponds perimeter
containment system. Our study has included a “static” stability analysis which includes various
loading combinations from normal operating conditions and a “seismic” stability analysis which
includes dynamic earthquake induced loads.

As part of our study, F&ME has:

1. Provided a detailed topographic survey of the ponds and adjoining area. A limited
bathometric survey of the two ash ponds and the adjoining Savannah River was included.

2. Performed a review of Historical Photos (pre-dating the plant construction to current) and
Mapping (including a 1977 Topo and Ash Pond Design by Enwright and Associates).

3. Performed a detailed subsurface investigation to include soil test borings with standard
penetration tests and cone penetrometer soundings with static cone measurements and shear
wave velocity determinations.

4. Provided laboratory testing to characterize the soils for development of soil strength
parameters and dynamic response parameters.

5. Characterized the ponds perimeter containment system and subsurface soil lithology.

6. Performed slope stability analysis for both static and seismic loading combinations.

2.0 Dike Configuration

The Urquhart Generating Facility is located on the Southern Bluff of the Savannah River. From
the data developed in our study, it appears that the plant is situated on the Bluff and the Ash
Ponds under study are located partially on the Bluff and partially in the Flood Plain of the
Savannah River. The portion of the Ash Pond system located in the Bluff is insized. The portion
of the Ash Pond system located in the Flood Plain contains from top to bottom:

d) Fill placed circa 1977 to form the ponds;
e) Fill placed in the Flood Plain during the original plant construction Circa 1953; and
f) Naturally occurring Flood Plain Sediment.

Our investigation indicates that all of the fill material used, both the Circa 1977 and 1953 fill, is
naturally occurring river and Coastal Plain Sediments from the immediate plant site.

There was no evidence that ash materials were utilized in construction of the ponds.
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3.0 Site Geology and Seismicity

The project site is located on the East side of the Savannah River in Beech Island, Aiken County,
South Carolina and is situated within the Upper Coastal Plain of Physiographic Province near the
Fall Line (which lies to the North of the site).

As noted in the preceding section, the Ash Ponds are situated in and on a complex subsurface
stratigraphy.

South Carolina is considered the highest seismic risk area on the East Coast. The largest
earthquake to occur in historical times was the Charleston Earthquake of 1886.

A detailed description of the South Carolina Geology and Seismicity is contained in Appendix E.
4.0 Historical Records Review

Area photographs from The Thomas Cooper Library at The University of South Carolina_ were
obtained and reviewed. These photos span a time from 1943 to 1979.

In addition current and historical USGS Quadrant Mapping was reviewed. The oldest USGS
Map was dated 1921.

A Topographic Map (Site Plan Sheet 1 of 2 Dated 2/23/77) 1977, prepared by Enwright &
Associates (Drawing No.: 75008-(CV) 3) depicting the ground topography prior to construction
of the ash ponds and of the finished ash ponds was provided by SCE&G.

Copies of the historical maps are included in Appendix F. Data from the 1977 design drawings
are shown on the attached typical cross sections (Section 1, 2 & 3) and the site topographic
mapping Appendix H.

5.0 Geotechnical Investigation

F&ME used two different investigation, sampling, and testing techniques as the primary
subsurface exploration methods. These were rotary wash drilling with Standard Penetration Tests
(SPT) and cone penetrometer (CPT) soundings with shear wave velocity measurements.

A total of seven (7) SPT borings were drilled using the rotary wash method between February
24™ and 28", 2011. The borings were located along the containment structure crest to provide an
even distribution of data while assuring that borings were placed near areas of interest. The
boring locations are noted as B-1 through B-7 on in Appendix A.

A Guspech GP 1100E truck-mounted drill rig with a manual SPT hammer and a track-mounted
Diedrich D-50 with an automatic SPT hammer were used to perform the seven soil test borings.
The borings were performed in general accordance with ASTM D 1586 and sampling was
continuous for the top 20 feet and thereafter at 5 foot intervals to boring termination. SPT blow
counts were obtained by driving a split spoon into the ground by the 140 pound hammer dropping
from a free height of 30 inch. The number of blows required to drive each 6-inch of the sample
were noted. After the blow counts were recorded, the spoon was withdrawn from the borehole
and a representative sample is obtained. The borings were advanced between 52 and 100 feet
below current surface elevation.
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A registered geologist from F&ME inspected all drilling and CPT operations, logged all
recovered soil samples, recorded SPT blow counts and measured groundwater conditions. After
boring was complete, the samples were assembled at our laboratory to allow a visual
identification and classification of the subsurface stratigraphy. This information is presented in a
fence diagram depicting each individual boring stratification, stationing, depth and elevation,
groundwater condition, and SPT blow counts. These boring logs are included in Appendix A.
The stratification lines indicated on the boring logs represent the approximate boundaries between
soil types; in-situ, the transition may be gradual. Variations in soil conditions between borings
may be gradual.

Six (6) cone penetration tests (CPTy) to include three (3) cone penetration tests with Shear Wave
Velocity (SCPT,) measurements were performed on 23" February, 2011. The cone penetrometer
soundings were performed with a 20-ton truck mounted rig. Sounding depths ranged from 77 to
101 feet beneath the existing ground surface. The CPT sounding locations are noted as CPT-1
through CPT-6 in Appendix A.

A cone penetrometer sounding is conducted by hydraulically pushing a cone penetrometer into
the ground. While being pushed, the cone measures the resistance on the tip of the penetrometer
(Tip resistance), the resistance on the outside of the penetrometer (sleeve friction), and the pore
water pressure (dynamic pore pressure). These measurements are taken every five centimeters,
which provides near continuous data. A compression model electronic piezo cone penetrometer,
with a 15 cm? tip and a 225 cm?2 friction sleeve was used. The cone is designed with an equal end
area friction sleeve and a tip end area ratio of 0.80.

This subsurface exploration method provides strength and relative density of the soils as well as
the pore water pressure. In-situ soil parameters were determined in accordance with the
ConeTec® Interpretation Methods, Revision SZW-Rev 02 (March 12, 2008). The correlated soil
strength parameters for each CPT sounding are provided in Appendix A. Being able to compare
continuous sampled borings with in-situ data allowed development of a more detailed
understanding of the soil stratification and its physical properties.

6.0 Laboratory Testing Procedures

Laboratory testing was conducted on representative soil samples to aid in classification and to
assess the physical and engineering properties of the soils. Laboratory tests performed on soil
samples included natural moisture contents, liquid and plastic limits, and sieve analysis. All
testing was completed in general accordance with applicable ASTM standards. The results of
these tests are provided in Appendix B.

7.0 Subsurface Characterization

The soil stratification along the perimeter of the dikes is complex and significant variations in
thickness and the lateral extent of individual strata were commonly observed. Generalized
subsurface profiles were developed for the four sides of the dikes. These profiles were generated
based on evaluation of the data obtained from test borings, CPTs, and laboratory index properties
of soil samples.
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Based on the fill and the alluvium terrace sediments, the subsurface condition can be divided into
two major areas:

(a) the segment of the dike that runs from approximately Stations 1+25 to 4+50 along the
east side of the Lower Pond and parallel to the Savannah River; and
(b) all other segments of the dike.

The subsurface condition of the east side segment can be divided into two major profiles. The top
18 to 24 feet of soil consists of fill material consisting of fine to medium sands and non-plastic
silt. The top 10 feet of this fill material appears to be compacted (CIRCA 1977 Fill), but below
this, the fill material is found to be in very loose condition (CIRCA 1953 Fill). Underneath this
fill material, a 46 to 47 feet thick layer of medium dense sand and non-plastic silt of river terrace
sediments is encountered. Below this, layers of hard cohesive soil or dense sand were
encountered.

East Side of the Lower Pond

This segment of the dike runs from approximately Station 1+25 to Station 4+50. Two borings
were drilled in this segment - Boring B-1was drilled to a depth of 100 feet and the Boring B-2
was drilled to a depth of 76 feet below present ground surface. The elevations at the top of
borings are found to be 142 and 138 feet, respectively.

Below the top 18 to 24 feet of the profiles, the subsurface condition appears to be similar in soil
type and average SPT blow counts. The top 18 to 24 feet of soil consists of fine to medium sand
(SM/SC) and non-plastic silt (ML). The consistency of top 10 feet of the soils encountered in
Boring B-1 vary from medium dense to very dense (uncorrected SPT N values varies from 26 to
45 bpf) and those of next 8 feet generally vary from loose to medium dense (N varies from 2 to
14, with an average N value of 8 bpf). However, the consistency of top 24 feet of the soils
encountered in Boring B-2 is generally found to be very loose (N values range from weight of
hammer to 5, with an average value of 2 bpf).

Underneath the surficial mix of soils, a thick layer of loose to medium dense sand (SP/SP-SM)
and non-plastic silt (ML) is encountered. The thickness of the layer is approximately between 46
and 47 feet. SPT N values range from 4 to 14 bpf, with an average value of 9 bpf.

Underlying these cohesionless soils, a hard layer of cohesive soil is encountered. In Boring B-1,
the soil was classified as plastic silt (ML) and that in Boring B-2 was classified as lean clay (CL).
SPT N values vary from 31 to 64 bpf. The thickness of this layer is found to be 4 feet in Boring
B-1; however, Boring B-2 was terminated in this material at a depth of 76 feet below the top of
the dike.

Below the cohesive soil layer, Boring B-1 extended through a layer of dense silty sand (SM),
before it was terminated at a depth of 100 feet below the top of the dike. SPT N values generally
vary from 35 to 40, with an average value of 36 bpf.

Based on the CPT, soundings, groundwater table is estimated to be at a depth of 25 feet
(Elevation 117°) in Boring B-1 and at a depth of 21 feet (Elevation 117°) in Boring B-2 below the
top of the boring.
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Northern Perimeter of the Dike

This segment of the dike begins and ends at approximately Station 4+50 and Station 9+25,
respectively and forms the northern perimeter of the ponds. Two borings — Borings B-3 and B-4
were drilled in this segment. Both the borings were drilled to a depth of 75 feet below the top of
the boring. The elevations at the top of borings are found to be 143 feet. Soils encountered in
these borings are found to be alternating layers of sand and clays.

The top 12 feet of Boring B-3 and 26 feet of Boring B-4 consist of fine to medium sand (SM/SP-
SM). In Boring B-3, SPT N values vary from 8 to 13 bpf, whereas in Boring B-4, N values
generally vary from 8 to 20 bpf, indicating loose to medium density of the sand.

Underneath this sand layer, a layer of silty clay (CL) was encountered. In Boring B-3, the depth
extends to 25.5 feet, whereas in Boring B-4 it extends to a depth of 36 feet below the top of the
dike. In Boring B-3, SPT N values generally vary from 10 to 29 bpf, indicating stiff to very stiff
consistency of the clay; whereas in Boring B-4, N is found to be 6 bpf, indicating firm clay.

Underlying this is a sand layer (SM/SP-SM). In Boring B-3, the depth extends to 37 feet, whereas
in Boring B-4, it extends to a depth of 42 feet below the top of the dike. In Boring B-3, SPT N
values vary from 10 to 12 bpf, indicating loose to medium dense sand; whereas in Boring B-4, N
is found to be 5 bpf, indicating loose relative density of sand.

Below this is a silty clay layer (CL). In Boring B-3, this layer extends to a depth of 51 feet,
wheras in Boring B-4, the depth extends to 54.5 feet below the top of the dike. In Boring B-3, N
values vary from 6 to 7 bpf, indicating firm consistency; whereas in Boring B-4, N vary from 3 to
6, indicating soft to firm consistency.

Underneath this is a loose to medium sand layer (SP). SPT N values in this layer vary from 8 to
16 bpf, with an average blow count of 12 bpf. Boring B-4 terminated in this material; however
Boring B-3 encountered a layer of plastic silt (ML) at a depth of 74.5 feet before it was
terminated at a depth of 75 feet.

Based on the CPT, soundings, groundwater table is estimated to be at a depth of 28 feet
(Elevation 115”) below the top of the boring.

West Side of the Upper Pond

This segment of the dike runs from approximately Station 9+25 to Station 12+50. Boring B-5
was drilled in this segment to a depth of 52 below the top of the boring (Elevation 142 feet). The
soil profile encountered in this boring can be divided into two layers. The top 27 feet is a very
loose to loose sand (SM/SP) and the bottom layer, before it is terminated at a depth of 52 feet, is a
layer of hard plastic silt (ML). SPT N values in the sand layer vary from 1 to 10 bpf (average N
value is 6 bpf) and in the silt layer N values ranged from 35 to 65 bpf.

Groundwater table is estimated to be at a depth of 25 feet (Elevation 117°) below the top of the
boring.
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Southern Perimeter of the Dike

The southern perimeter of the dike begins at approximately Station 12+50 and ends at the
beginning of the east segment of the dike (Station 1+50), approximately a length of 410 feet.
Two borings — Borings B-6 and B-7 were drilled in this segment of the dike. Both the borings
were drilled approximately to a depth of 75 feet below the top of the boring. From the contour
map, the elevations at the top of borings are found to be 143 and 142 feet, respectively. The soil
layers encountered in these borings are not found to be similar.

Boring B-6:

The top 11 feet of the boring encountered layers of sand (SC/SM) and non-plastic silt (ML). SPT
N values vary from 9 to 72 bpf. The higher N values are at the top probably due to the presence
of riverstone.

Between 11and 14 feet below the top of the boring, a silty clay (CL) layer of firm consistency (N
=5 bpf) was encountered.

Underneath this layer to a depth of 19 feet, a very loose to loose layer of clayey sand (SC) was
encountered. N values in this layer vary from 4 to 9 bpf.

Below this to a depth of 55 feet is a thick layer of very soft to firm sandy to silty lean clay (CL).
N values vary from weight of rod to 8 bpf, with an average value of 4 bpf.

Underlying the clay layer and, extending to the boring termination depth at 74.5 feet, the boring
encountered a loose to medium dense of fine to medium sand (SP). N values vary from 10 to 16
bpf.

Boring B-7:

The top 37 feet of the boring encountered layers of sand (SM/SP) and non-plastic silt (ML). SPT
N values for the top 14 feet vary from 11 to 28 bpf, indicating a medium dense consistency;
between 14 and 29 feet, N values vary from 1 to 5 bpf, with average value of 4 bpf, indicating
very loose density; and between 29 to 37 feet, N values vary from 8 to 12 bpf, indicating a loose
to medium dense sand.

Underneath the cohesionless soils to a depth of 43.5 feet is a firm layer (N = 8 bpf) of plastic silt
(ML). Below the silt layer, a soft layer (N = 3 bpf) of lean clay (CL) was encountered.

Underlying the cohesive soil layers to a depth of 68 feet, a loose to medium dense layer of sand
(SP) was encountered. N values vary from 10 to 17 bpf.

Underlying the sand layer and, extending to the boring termination depth at 74.9 feet, the boring
encountered a hard layer of plastic silt (ML). N values vary from 73 to greater than 88 bpf.

Based on the CPT, soundings, groundwater table is estimated to be at a depth of 24 feet
(Elevation 119”) below the top of the boring.
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8.0 Slope Stability Analysis

Based on the initial screening of the contour map for the steepness and the height of the slope,
three cross sections of the entire pond/dike system were developed. These general cross sections
are noted as Cross Sections 1, 2 and 3. These cross sections are contained in Appendix G.

The purpose of these general cross sections was to provide a depiction of the ash pond dike,
current water surface, current bottom elevation, relationship to the river and adjoining ground
surface, “normal” and 100 year flood elevation in the river and the 1977 ground elevation prior to
construction of the ash ponds. This information was utilized in the initial evaluation of
boring/sounding locations and evaluation of soil stratification. These general cross sections were
also used in the selection of cross section locations for slope stability analysis.

We have performed in excess of 60 individual slope stability analyses on the 5 slope geometries
selected (Sections 4 through 8). These slope geometries were selected to represent the differing
surface configurations and subsurface stratigraphy determined from the topographic survey and
subsurface investigation. The two most critical sections, with respect to slope stability, are
Sections 4 and 5 where the ash pond adjoins the Savannah River.

For each of the 5 selected sections, a design subsurface stratigraphy was developed based upon
historical photos and mapping and the findings our SPT borings and CPT soundings.

The soil strength values assigned to the various strata and utilized in our analysis are based upon
the subsurface data developed in the SPT borings, CPT soundings, laboratory test program and
30+ years of experience in evaluating the geologic formations at the site.

The soil strength parameters selected for our static and the presented seismic analysis are the ¢
values and approximately 1/2 the cohesion values determined from the CPT soundings. In our
parametric analysis (best case, worst case, and failure case scenarios) we analyzed differing
surface water and ground water phreatic conditions. In the most extreme loading assumptions,
we utilized soil strength parameters that are approximately 3/4 of the cohesion values determined
from the CPT soundings. Our methodology for determination of soil strength parameters is
consistent with the EPRI Manual on Estimating Soil Properties for Foundation Design prepared
by Cornell University. In no case did we need to utilize full estimated ultimate strength values to
achieve a satisfactory factor of safety. For brevity, we have not included all of our analytical
data. The calculated factors of safety in our full parametric analysis varied only +0.01 to 0.05
from those tabulated in this report.

The ground water configurations utilized in our slope stability analysis vary from that indicated at
the time of our subsurface investigation. Our boring and CPT data indicate that the ground water
in the area of the ash ponds is slightly higher than the river level. The levels indicated in our
slope stability cross sections are for parametric analyses of various loading cases. A detailed
ground water and flow regime analysis is beyond the scope of our investigation.
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The slope stability analyses are based on the following conditions:

(a) It is assumed that a minimum of 3 feet freeboard is maintained in the ponds. Therefore, the
maximum water table in the ponds are assumed to be 3 feet below the top of the dike(s).

(b) A high water level (100 Year Flood) in the river elevation of 132 ft-MSL.
Soil Parameters:

Engineering properties assigned to soil layers are based on the nearest soil boring/sounding data.
Assumed stratification and soil strength parameter inputs are included on the individual slope
stability computer outputs contained in Appendix D. Three distinct loading conditions have been
analyzed. These include:

(a) Maximum storage pool with steady state seepage. This is a static loading condition with the
anticipated maximum static loads.

(b) Earthquake loads with steady state seepage. This is a dynamic loading condition with forces
applied based upon the design ground accelerations.

(c) Liquefaction with steady state seepage. This is a static loading condition, which occurs a
short time following the assumed seismic event. There is a time delay between the ground
motions of the earthquake and the on-set of liquefaction. During liquefaction, the static soil
strength parameters are reduced. This loading condition considers static loads with reduced
soil strength parameters in any liquefied soils.

The seismic stability has been analyzed as a static (ie: no seismic coefficient) limit —
equilibrium, slope stability model, using post-earthquake shear strengths for the materials
in the embankment and foundation.

Note that, this is an industry standard practice for analyzing a water-impounding earthen structure
and does not necessarily infer or imply that seepage is in fact occurring through the embankment.

8.1 Seismic Ground Motion Parameters

We have utilized the United States Geological Survey (USGS) ground motion uniform
hazard spectrum maps for determination of the peak ground acceleration (PGA) motion
values for the seismic design analyses events. The seismic event PGA values used in
these analyses were based on a two percent probability of exceedance in 50 years (2%/50
years) and ten percent probability of exceedance in 50 years (10%/50 years). The 2%/50
year event is considered as a Safety Evaluation Event (SEE) earthquake which represents
a large ground motion and has a relatively low probability of occurrence within the
design life of the structure. The 2%/50 year seismic motion event approximates the
ground motions associated with the 1886 Charleston earthquake. The 10%/50 year
seismic event is considered as the Functional Evaluation Event (FEE) earthquake which
represents a lower ground motion value with a relatively higher probability of occurrence
over the design life of the structure.
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The latitude and longitude coordinates of the ash ponds entered on the USGS ground
motion map web site were 33.4353 and -81.9122 degrees, respectively. The USGS web
site generated 2%/50 year PGAg.c value at the B-C boundary is 0.1847g. The web site
generated 10%/50 year PGAg.c value at the B-C boundary is 0.0651g. The B-C boundary
is considered as the predicted earthquake motion values at depth where bedrock is
encountered and does not reflect any amplification or damping of the resulting PGA
values at ground surface attributed to the overlying soils above bedrock.

To account for amplification or damping of the soils overlying bedrock, a site class
seismic category was determined based on the data collected from the two SCPT,
soundings CPT-02 and CPT-05 where shear wave testing was performed. The testing
allows the determination of the average soil shear wave velocities in the upper one
hundred (100) feet of the subsurface soil profiles. From the two SCPT, tests which were
performed, the results indicate that the average shear wave velocities in the upper 100
feet of the soil’s profile range is 954 feet per second (fps). We have included the two
graphs from CPT-02 and CPT-05 of the shear wave velocities in the upper 100 feet of the
site in Appendix A.

The South Carolina Department of Transportation (SCDOT) has performed extensive
research and analysis of the seismicity of South Carolina and is recognized as the local
industry standard for engineering seismic analysis in the State of South Carolina. Based
upon the August 2008 SCDOT Geotechnical Design Manual (GDM), Chapter 12, and
based on the SCPT derived average shear wave velocity of 954 fps, a site class seismic
category of D is applicable to this project site. A site class seismic category of D
corresponds to a soil profile considered as a stiff soil site. Interpolated from Table 12-26,
as listed in the SCDOT GDM (previously referenced), the site coefficient, Fpga, for a site
class D, and with a 2%/50 year PGAg ¢ value of 0.1847¢g is 1.43. Multiplication of the
Frea and the 2%/50 year PGAg.c value to account for local site subsurface soil effects
yields a design PGA value at the ground surface of 0.264g for use in SEE seismic
performance analyses.

For determination of the 10%/50 year PGA value, from Table 12-26 as listed in the
SCDOT GDM (previously referenced), the site coefficient, Fpga, for a site class D, and
with a PGAg.c value of 0.0.0651 is 1.6. Multiplication of the Fpga and the 10%/50 year
PGAg ¢ value to account for local site subsurface soil effects yields a design PGA value
at the ground surface of 0.104g for use in FEE seismic performance analyses.

8.2 Liquefaction Analyses

F&ME Consultants has completed a liquefaction analysis for the identified ash pond
containment structure embankments at the SCE&G Urquhart Station facility. The
following data has been used in our analysis:

o CPT Soundings (Six Total).

o Borings and laboratory classification tests performed by F&ME. Seven borings
were performed within the existing ash pond embankment structure for the
collection of soil samples for laboratory analysis. Soil classification testing was
performed to evaluate liquefaction potential of the subgrade soils (Appendix B).
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o FHWA-HI-99-012; Geotechnical Earthquake Engineering, December 1998, and
as modified in the Journal of Geotechnical and Geoenvironmental Engineering;
Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and
1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils,
October 2001.

At the heart of any discussion of liquefaction potential are three factors:

e The magnitude of the design PGA (Peak Ground Acceleration)
e The composition of the soil mass
e The density of the soil mass

With respect to potentially liquefiable soils, expressed in simplified terms, clean,
saturated sands can be highly susceptible to liquefaction while fine-grained soils,
particularly those with cohesion, are not.

Furthermore, for a soil composed of liquefiable materials, the lower the density, the
higher potential for liquefaction. Determination of the in-situ soil density was
extrapolated from CPT soundings as total stress, effective stress, tip resistance, and
sleeve resistance.

As outlined in the MSHA Design Manual, fly ash may exhibit temporary apparent
cohesion but is non-cohesive in a dry or saturated state. Fly ash should be considered
“Fluid” in a seismic analysis unless it is in a well compacted or dry and confined state.

We have analyzed the liquefaction potential for the soil mass composing the ash pond
containment structure embankments and foundation materials. The general conditions of
the soil profile and our findings are as follows:

e The soil composing the ash pond containment structure is predominantly low to
moderately dense sandy clay underlain by sandy soils. During the seismic design
event, these sandy soils have the potential to liquefy.

e Our analysis indicates liquefaction-induced permanent vertical settlements
ranging from 0.6 to 4.8 inches.

e For a Magnitude 7.0 (Richter) earthquake event, the farthest documented
liquefaction event relative to the epicenter is about 110 kilometers
(approximately 69 miles). The Urquhart Station facility is located beyond this
distance from the epicenter of the 1886 Charleston earthquake.

o When exposed to the expected seismic event, ground surface ruptures are not
likely. Typically, the resulting phenomena will be in the form of small, localized
surface depressions.

In summary, our data and analyses indicates that liquefaction which would create
instability in the embankment containment system will not occur.
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8.3 Embankment Stability Analyses

F&ME has performed an ‘over-all’ static and seismic global slope stability analyses of
select areas of the embankment creating the ash pond containment structure. The first
condition evaluated for static loadings is described as long-term storage of pond water,
with water percolating through the embankment to an established steady-state condition
of seepage. The ash pond water level elevation was assumed to be at the overflow
spillway intake elevation (approximate elevation 139 ft-MSL) as a worst-case condition.
The normal ash pond water level is approximately 135 ft-MSL. This condition is referred
to as steady seepage with maximum storage pool. A uniform distributed live loading
(LL) of 250 pounds per square foot (psf) was applied within roadway areas during our
static embankment stability analyses.

For seismic loading conditions, per FHWA-HI-99-012, Geotechnical Earthquake
Engineering, December 1998, the ground motion horizontal coefficient, Ky, used in
seismic global slope stability analyses should be some fraction of the design PGA value.
The Ky value used in our seismic slope stability analyses was one-half of the design
event PGA value of 0.264g, and this procedure is considered to be industry standard.
Roadway surcharge load was neglected during seismic design event analyses.

We also analyzed embankment stability during the indicated liquefiable subgrade soils
event. Where a liquefaction condition is expected to occur following the design seismic
event, the soil strength parameters were reduced to a residual strength value with the
intention of analyzing the stability of the embankment under liquefied soil conditions.
The residual liquefied soil strength parameter is about one-half of the soils effective
strength as determined by CPT test data.

F&ME utilized the computer software program GSTABL7 w/STEDwin Version 2 for the
static, earthquake, and liquefaction embankment slope stability analyses. The
computational methodology used in the computer program is the Modified Bishop
method of analyses. The subsurface soil stratigraphy, ground water conditions, and soil
strength parameters utilized in these analyses were based on generalized conditions as
indicated by the CPT soundings. In general, soil parameters for both static and seismic
analyses were estimated based on the data from the CPT soundings performed in general
proximity to one another.

To be consistent with the hazard potential classification system and criterion for
dams in use by Federal Agencies (FEMA, 2004a) The Urquhart Ash Ponds have
been classified as having a significant hazard potential. This is for facilities
where a failure would likely not result in loss of human life, but can cause
economic loss, environmental damage, or disruption of lifeline facilities.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Urquhart Station Ash Pond Dike Investigation Page 14 F&M E
Subsurface Investigation and Structural Stability Report CONSULTANTS




The following table presents the calculated minimum factor of safety (F.S.) results of
these analyses. The listed performance criteria are referenced from Chapter IV of
Embankment Dams of the Federal Energy Regulatory Commission, 1991.

Embankment Slope Stability Results Summary
Location Loading Condition F.S. Perfo_rmr?mce
Criteria
Max. Storage Pool-Steady Seepage 1.99 15
Station 1+65 Liguefaction-Steady Seepage 1.26 >1.0
Section 4 FEE Earthquake-Steady Seepage 1.56 >1.0
SEE Earthquake-Steady Seepage 1.14 >1.0
Max. Storage Pool-Steady Seepage 1.88 15
Station 3+50 Liguefaction-Steady Seepage 1.16 >1.0
Section 5 FEE Earthquake-Steady Seepage 1.50 >1.0
SEE Earthquake-Steady Seepage 1.09 >1.0
Max. Storage Pool-Steady Seepage 2.23 15
Station 7+25 Liquefaction-Steady Seepage 2.23 >1.0
Section 6 FEE Earthquake-Steady Seepage 1.96 >1.0
SEE Earthquake-Steady Seepage 1.36 >1.0
Max. Storage Pool-Steady Seepage 2.28 15
Station 11+00 Liguefaction-Steady Seepage - >1.0
Section 7 FEE Earthquake-Steady Seepage 1.99 >1.0
SEE Earthquake-Steady Seepage 1.66 >1.0
Max. Storage Pool-Steady Seepage 2.22 15
Station 13+15 Liguefaction-Steady Seepage 2.22 >1.0
Section 8 FEE Earthquake-Steady Seepage 1.93 >1.0
SEE Earthquake-Steady Seepage 1.55 >1.0

Y'No liquefiable soils present in boring

The GSTABLY output graphs depicting the slope geometry, soil strength parameters, soil
profiles and the computer generated critical failure circles of each of the above listed
slope stability analyses are presented in Appendix D.

8.4 Summary of Findings

The Urquhart Ash Pond Perimeter Containment System is stable under the selected
design loading conditions. The most critical condition is during (earthquake — steady
seepage) and immediately following (liquefaction — steady seepage) the assumed seismic
event. As noted, the “worst case” conditions were identified for analysis. All computed
factors of safety are substantially above the minimum performance criterion.
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Appendix A

Site Location Plan
Bore Location Plan
Soil Test Borings
CPT Soundings (CPT,)
CPT Shear Wave Velocities
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Urguhart Station Ash Pond Dike Investigation
Aiken County, South Carolina

LOG OF BORING No. B-1

S0 _TEST _SORING G0 URUUEART STATION ASH PORDGP] SC CHIT GO i

Station:
G5044.000 Offaet:
Dale Drilled: 02/24/11 Supervisor: Ricky Wessinger Notes:
P Y g Equipment Used - GUSPECH GF
Casing Lenglth {ft): Approx. Ground Elevation {fiy; t42.0 1100E
Hammer Type: B Gravity ] Automatis [ Other;
Waler Level: 25 Feet al T.OB. Drilling Method: Rotary Vwash
c o ; STD. FENETRATIOM TEST DATA
,% _ £ E o -u—;_ﬁ %_:c_r' 5 (Blowsify
ZE EE MATERIAL DESCRIPTION g5 ES = Eg |y @ b| =
i Dike A “elw E OEB|Z 5 10 20 40 70
N _| Dy, GrangedPink, Silty Fine to Medwm SAND 1171 0.0 : ; N
i 2“'"%’ﬁ“‘n‘t‘ﬁ“?ﬁﬁ“_ L 20 P
i il ium Dense, Ory to Moist, Light Brown, P i " : :
- Clayey Fine to Medrum SANT (€} with / sg1 551 s v v | = |anens Biows
1370 Kaolin ; / 45211 12 1| m et Biewa—
1 B Mg Dewse o Deres Oy faoet T TF 1o L
| i L 3 r}u 151, Li E - ] " N .
] | Brown Crangs, Silty Fine lo Medium SAtD Bl go] 353w w | W J4hE"-14 Blows
[S] wath Kaolln AN . : :
— 4 == Trace Ash 0071 954 (1w W m | 45 | HhE" 26 Blows
132.04 —q4 _ e - -
] | == hahy 4854 0 8 5| e |4hE -10Bws
i ] 12.0 : :
1 VT Soft 7 Firn, Wet BrowniGray, Micaceons 140] 36| 1 ¢+ B | 32 [4NE"-8Blows
127 .0 Sandy SILT ML 4 557 iz 2 2 "
B i 16.0 :
a - - 4558 |3 3 2| & |4he". 3B
1 189 Coose Wioni Brown Fiie 5 Medioi s~ TFT] 0 3
122 Gj' :' SANDI [-SP] 'llli“'l M":Iﬂ '-. __ ..' < 5546 5 5 L <] 4In B" - b BIM
T . : ':' i
1 A 1] 2254 -
1 1 1 8840] a g L] L]
i 7 A
NP0 2501 e, Marei 1o Wei, Brown Fine o emam |1 ]
i 1 sAND with SILT - ]
] i 1] 28 _
i 4 D 18811 2 ¥ * L
112,01 .
1 V07 Comse, W, Biuertay, Wicaceous Clayey 9 ]
i T Fina to Madium SAND SC| }///// -
A am
wro] 03 Fiin Vet Maensay, BICTaA T T I BN E
. . aaed
= < =* Thin Sandy Sgams Qs3] 1 a2 3 1
102.0 .
4 AT e — e
] | Loose to Mediurm Canse, Wel, Ligh! Brown
97,04 Gray, Fine to Medium SAND (SE 5314 5 5 6 14
4 i 48,57
. . Jes15] « 4 a | s
#3101 -
= . Bas, . _L
. - 55161 = Ei -} 141 : : : Dol _.
LEGEND __ Continued Naxt Page
] SAMFLER TYFE ORILLING METHOO
33 - Split Spooh M - Rock Lare, 1.7/3" H5A - Hollow Stam Auger RIA - Ratary Wash
ST - Shelby Tuke G\ - Guttings CFA - Continuous Flight Augers R - Rock Care
ANG - Rack Core, 1-1/87 T - Continuous Tube DC - Driving Casing PHD - Pardyssion Hammer Drill
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Umukart Siation Ashk Pond Dike Investigation

Aiken County, South Carolina

LOG OF BORING No. B-1

Statian:
G5044.000 Offsal:
T et O . Moles:
Dale Drilled: 0224411 5 . Ricky W ;
L HPETVSOR Tty Tessnger Equipment Used - GUSPECH GP
Casing Length (ft): Approx. Ground Elevation [ff): 142.0 1100E
Hammer Type: [ Gravity O Autermalic O Ciher:

SO _TEST BORING GEMEURUIHART STATION ASH PONE. 5P SC DOT EOT Wit

Waler Level, 25 Fectat T.OB. Crilling Method; Rotary Wash
c : STD. PENETRATION TEST DATA
8_ | £_ 2olas | 5 2 {blows)}
2E | i€ MATERIAL DESCRIPTION 5§ Eg€ 5 gl o |2
w S F|% Z B|Z 5 0 20 40 7D
i J Loose to Medium Dense, Wel, Light Braown a : : o R
i | Gray, Fine lo Medium SAMD {SF) A
B 1 585
_ 4 887 ¢ 05 s | 1
B2.0+ -
] 7 ER
T —— As5s-18) w1z ow | oA
77.0- 545 iard TRt \WHTe, Wicaceous BT (41T
- < {Kachn) .
T 635_'_-_""—"—"—'_'____________ 58 5
. "+ Mediumn Dense to Dense, et White, dssqal ¢ o1z w2 | M
720+ = Misaceous Flre to Mediom Silhy S8 KNMO [SK)
— wr] ....- ?3_5—
. - U582 s 8 owm | 4o
67 .0 - -
1 A 1| 785
4 - 8821 0 B2 om| &
62.0 — 5 -
. - | 838
4 - 15822012 ow o | a
5704 — - -
- 1 s 1race Gravet ERETS
- == Trace Grave agse3l a1 | oas
A § :
§ . | s3s.
i ] Ha52a| 1 15 a4 | sa
47.0- .
7 1 || se5
= - . qss25l 12 5 om | @
42.04 1m'ﬂ"\Hard.WE!.White, SILT [1AL) (Kaolin} P -
"7 Boring Terminated ai 1000 Faal 1
3704 . 1
_ LEGEMD _
] SAMPLER TYFE DRILLING METHOD
35 - Split Spoan MY - Reack Cora_ 1-7/8° HEA - Hollow Slem Auger Ry - Rotary Wash
ST - Shelby Tube CU - Cutlings CFA - Continuous Flight Augars RC - Rock Core

AW - Rock Cora, 1-1/8"

CT - Cantinuaus Tube

DL - Oriving Casing

PHO - Parcussian Hammer Diill
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Urguhart Station Ash Pand Dike Investigation LOG OF BORING No. B-2
Aiken County, South Carolina Slalion:
GH044,000 Offsat:
Date Drilled: 2/24t11 Supervisor; Glynn Ellen E;Eﬁ;ﬂem Used - Diedrich D-50. Water
Casing Length (fi); Approx. Ground Elevation (/): 138.0 Table Based on CPT Scunding '

Hammer Type: [ Grawvily E Aulomatic O Other:

SCIL_TEST BORING G53+-LROUAART ETATION ASM POND GA1 SC O0T GOT 111

Water Level, 21 Feelat T.OB, Crilling Method: Rotary Wash
& = o " @b - STO. PENETRATION TEST DATA
= E - = at | gF = {lowsalft)
sE | 3 MATERIAL DESCRIPTION a8 £8E g i b | 2
H 5 at ElE o
Ll Terrace on Dika R “ElE 5 2|2 § 10 20 40 7O
] 04 | Grassmat - 001 gar ., . . EEE
A Soft to Fixm, Maist, Drange/RediTan, Fine to 20 )
A | Wedium Sandy SILT (ML) wilh Mica, trace i - 552
Fine River Grave! and Grganics 4.0
0] ol Cultrough Timber 5.0] °>
| Wery Locse, Wet, Light GrawOrange, Silty J 584
Fine to Coarse SAND {SM] with Mica B -1
- - 1 - &85
128.0+ =
] ] ]| 1200
- o N2 - EE.5
q 1R Veary Soft, Wel, Dark Grayish Brown, Fine io 1 14.0
1230 - Mediem Sardy SILT {ML it 16.07] 55-T
- | - 53-8
4 _ L[ 18.0
4 | . - 54
118,04 - .
- s
N T | 23.57
i3] 20T Gose Wel Dark Brown Finé ta Medwm By [, ]850
| “PYT Very Loase, Wet, Dark Gray, iy Fine
A Miraceous SAND {Sh) |
108,01 11| 2857
-+ T ___ e 155-1t
{ 305 Boft to Firm, Wat, Blue/GGray Mon-Plastic SILT <4 -
- - [AAL] with Fine Sand 4
103.0 b S DR
- 7] 715512
E - == 2" 5and Seam -
1205 +-—— — 38.57
98.0+ o Loose to Medium Dence, Wet, Tan, Fina s o 412313
g 4 Madium SAND (5P el
T . o] das
- 4 15514
3.0 . 4
- -5 .. 48.5_
- 1 15515
880+ — A
T T 93.57 . .. : -
s s sse I MR
_ LEGEND _ Continued Next Page
] SAMFLER TYPE CIRILLIMG METHOD
35 - ISPl Spoon WO - Rock Core, 1-778" HS5A - Hollow Stem Auger RWY - Rotany Wash
5T - Shelby Tube Clr - Cutfings CFA - Cantlinugus Flighl Augers RC - Rochk Core
AWz - Rock Core, 1-178" CT - Continugus Tube D¢ - Driving Casing PHD - Percuzgicn Harmreaer Dril
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Umguhart Station Ash Pand Dika lnvestigation
Alken County, South Carolina

LOG OF BORING No. B-2

SOIL_TEST B RING GEA-URGUHART STATION ASH PGRHD.UGF) 5C GOT.GOT 3B S

Stalicen:
G5044.000 Offset:
; . Motes:
Date Drillad: 2/24/11 Supervigsar: Glynn Ellen i o
P Y Equiprerit Used - Disdrich D-50, Watar
Casing Length (A): Approx. Ground Elevation {it); 1380 Table Based on CFT Sounding
Hammer Type: [ Sravity  Aulomatic O Oiher;
Water Level. 21 Feetat T.0.B. Drlling Method: Rotary Wwash
c ; STD. PEMETRATION TEST DATA
._E _ "E_“ £ -E-_Fc'i.“- 'E_Z? E {Blows i}
o= a MATERI&L DESCRIPTHON %§ ESEl Eg |z, b 3| 8
g7 |8 G |88 321% = 5|z
FlE & & i g
_ 1 Logse to Medium Dense, Wel, Tan, Fine to i : :
| | Medium SAND (5P N
- - L 5.5
] " PO Z5-17| 3 1 5 a
78.0- . EN
1 1 ] 835
7 . Sl 155- i & T 13
230 i S5-18| &
4 eod———— e .
i | Hard, Maoist, CvangelYellowzray Fine lo / i
Madium Sandy Lean CLAY (1] 683
. 7 5519 16 = a5 | &4
68,0 1 % 4 - A
. . % 7356
" 0' ] / Ags20| ¢ s 2| o=
4 760 . : Z -
A | Bonng Terminated a1 76.0 Feel i
58,0 1 -
53,0 b -
48.0- . -
43.04 . -
38.0 . .
33.0 . .
LEGERD _
SAMFLER T¥YPFE DRILLIMG METHCD
35 - Split Spaan M - Rock Cone, 1-7f8" HSA - Hollew Stem Auger RWW - Rotary Wifash
5T - Ehelby Tube CU - Cuttings CFA - Continuous Flight Augers RZ - Rock Core

AWG - Rock Core, 1-1/8" CT - Continugus Tube

DL - Driving Casing PHDO - Parcusslon Hammer Drill

[
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S0IL TEST BCRING ES-URDUHART STATION A5H PGHD.GF. 5C

Urquhart Station Ash Pond Dike Investigaticn LOG OF BORING No. B-3
Aiken County, South Carolina Station:
G5044.000 Offsel:
Date Drilled: 02/26/1 Supervisor: Glynn Ellen Notes:
Equipment Used - GUSPECH GF
Casing Length {#): Approx. Ground Elevatian (fiy; 1430 1100E, Water Table Based on CPT
Sounding
Hamrmer Type: [ Gravily ] Automalic U Other:
Water Level: 28 Fectat TOE. Driling Method: Rotary Wash
= : STD FENETRATION TEST DATS
2. |s5_ p= - 2 | 25 5 {blovesi)
EE E‘E MATERIAL DESCRIPTION L“u“_J EEE E |l B W] 2
i Dike & R I - 5 10 20 40 70
] | Looseto Medium Dense, Moist to Wet, Light e i ' R
| GrapQrange, Silty Fine lo Medium SAND S - - i
] | [5M% with Mica and traca rivarstons o 551 | 4 . w | 1 |athe 11 Blows
138.04 s Lk H88z|e & 7| \
i ] 14| so ' -
] S| gp] 883y 7 s | @ [4nETe4 Blaws
- RE 4554 |3 a4 4| & |46 -5Blows
133.0 : -[g| 10.0 _
h . T 1 2835 3 3 5 g | dth £ - 11 Blaws
1 120 5l ery 5o, Wat, Oramgelea S~ T B2 .
i 7 CLAY (€L} with Fine to Coarse Sand Seams % 1401 SEg e 5 ) e (4B 18 Blows
123.1}: : % 15_0— 557 T LIS ¥} # = : :
: / ol 88€| 2 7 7| m|ane-t0Biows ;
o Y ﬁ 15593 4 u | 12 |3hE -7 Bows
123.0- o Mediemn Danza, Wat, Dark GrayDark Orange, H 200 .
1 210 SilyFine lo Coarse SAND (S} ___ 7/ B sl R B LA
~ - S, Wael, Dark GrayrBrown, Orangic CLAY % '
- - (CL}with fine Sand and Leaf Matter / 2% 5 :
N } 5811 & 2 ] 4 1dthg"- 3
80 g o ___ % :
b e Medivm Dense, Wet, Lighl Brown, Cleen, Fine |- b
. -Em Madium SAND {SP} wath Organic Malter .
7 7 5512l s ¢ 4| w
113,04 - o 5 L
{1 38 PR FanTDense, Wel, Dark Gray, Micaceous |- _:_ .
. 4 Sy Flre SAND (0 .1 =35
7 T 155-13] = 3 T 1
108,04 . L 1 -
1 ¥7°T Firm, Wet, Dark Bz Gray CLAY (G0, with 7 ]
Mica and Woopd Fragmenls / 8.5
N 15514 3 3 3 ]
1030 1 %
1 ] % i2s]
] i / 18515z 3 3| =
8.0 - %
i 1 = sandys % 485
1 1 = Sandy Seams / 1s518|l = 3 4| -
930 1 f
S/, Sy U U — — — — — ] -
| | Mediumn Danse, Wel, Light Brown, Fine to R |
Medinm SAND [SP o
4 ediurm TAND (EF) 59 -
i ] 5317] 4 ¥ g b : : T
LEGEND Contirad Next Page
SAMPLER TYFE DRILLING METHOD
S& - Split Spaon ML - Radk Core, §-7087 HEMA - Hollpw Sterm Auger RYY - Rotary Wash
5T - Shelby Tube CU - Gullings LFA - Continupus Flighl Augers RC - Reck Core
AMIG - Rleck Corg, 1-1/8" CT - Continuous Tube DL - Driving Casing FHO - Parcussion Haemmer Drill
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Urquharnt Station Ash Pond Dike Investigation LOG OF BORING No. B-3
Aiken Con nty, Souh Carolina Station:
Go044.000 Cffset:
Date Drifled: 02/26/17 Supervisor: Glynn Ellen Notes:
b Y Equipment Used - GUSPECH GP
Casing Length {it): Approx. Ground Elevation (), 143.0 1100E, Water Table Based on CPT
Sounding
Harmrmer Typa: [ Gravity O Automalic [ Otha:
Watar Lavel! 2B Festal T.OB. Drilling Method: Rotary Wash
c - I I o o 5TD, FEMETRATION TEST DATA
g _ £ _| B2 = blaws/f
2€ | B€ MATERIAL DESCRIPTION 282528 B8 L o ol 2 {blaws/h)
& = ] o
i OgET |9 | s 2 B|Z 5 10 20 40 70
i 1 Medium Dense, Wet, Light Brawrt, Fine 1o : ’ T
| tadium SAKD {SP)
B e e e e 8.5
1 Loose to Madiurm Dense, Wel, Qrange Gray, 155.13] s T 7 14
B3.0+ 4 Mecaceous Fine 10 Medium SAND {SH) - -
] 535
i 4 1553- 6 5 4| 4
2.0 i 55-19 54
n 1 G857
T ] 7] - T & ] 1
730 - L -
7 n 7357
T ———— EE I58M| = & w | .
68.0+ 421 Fer S, Wei WhitePurple SICT MLS TTTIT i
- T MKacoln} -
-1 - Boring Terminated at 75.0 Feat -
63.04 - -
S8 0+ - -
530+ - -
48.01 - -
43.04 - .
348.0 - .
LEGEND
] SAMPLER TYRE ORILLING METHOD
S5 - Split Spocn HQ - Rock Gare, 1-7/8° HSA = Hollow Stem Auger RW - Ralary Wash
5T - Shelby Tube Cur - Cultings CFA - Conlinuaus Flight Augers RC - Rogk Core
AWG - Rock Core, 1-1/8" CT - Conlingoys Tube DC - Driving Casing PHD - Percussion Hammed Dhill
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Urquhart Stalion Ash Pend Dike Investigation LOG OF BORING No. B-4
Aiken County, South Carolina Station:
G5044.000 Offset-
Date Drilled: 02/27/11 Supervisor: Rieky Wessinger Notes:
P ¥ 9 Equiprment Used - GUSPECH GP
Casing Langth {it): Approx. Ground Elevation {ft): 143.0 1100E
Hammer Type: & Gravity O Autermalic O Gther:
Water Level. 25 Feetat T.O.B. Drilling Method: Rotary Wash
c : ETD, FEMETRATION TEST DATA
8 |=_ Eol%s | 33 3 tblowsiit
TE | 38 MATERIAL DESCRIPTION SSIESEl Ed |4 b | S
w Dika S e e E OBR|Z 5 10 20 40 7O
., A Wery Silf, Moist, Browen, Fine to Mediam e i : S
K 7| Sandy Silty CLaY {CLML) ] 20 L f
i 4 =~ wilh Quanz Fragrments }///”g 1 sg1 | 5 = @] = 17 5 _ i
1 st —— ——— ] 40 P 3
3804 J Logse 1o Medium Oense, Moisl to Wet, R {552 1 2 7 a )
] WhiterYallow, Micaceous Silty Fine 10 Medium E.0 i ;
1 samD ) T :
. | SAND iSH) 8p] 583 5 & R 11| 4l 6" - 5 Blows
i ] 1884l s 4 4| a8 |4nBE'.5Bls
133.0 - 10.0 e -
1 2T Wediun Dizrise, Moist 1o Wel, Brown, Sty 1] S8Af 1 | M |HhET- 198BS
Fine to Medi ND (SN L
] J Fine to Medium SAND {SM] jap] 356|112 o | 2 |4thé". & Blnws
vaaod O FisGian Ustise, Wel, Browiv elowBiack. Tesrls 5 ol u lieosm
47 T Sy Fina to Coarse SAMD (SM) with Gravel 150 :
and Wood Fragmenis :
. - 180 838 5 = B | 4th 6" - & Blows
4 1B = o T R T — : — '
Medirm Dense, Maoiz! ba Wel, Brown/Dark i - .
123.0] T Gray. Sity Fire to Medium SAND (SM] with 85412 & 5| 1 [4hET-7 Blows
-] | Wwood Fragments ]
1 . k] 23 i
11807 246 fESON Wel By GLAVICLY —————~ g ] IR
T 2504, Yery Lagse, Wel, Brown, Fine to Medium™ _
i SAMD(SPY { i
_ o Firm, Vet BluefGray, SILT AL 28 5
E — N - -‘2_ 2 q H
11%.04 i S55-11 1
7 - 33.54
7 85142 2 2 4 1
104,04 .
1 ¥ Geose, Wet, ark Gray, Micaceous Sty e[| ’
SAND (ShA) 1.0
. . 11| e84
. - B . ?
I i 2 S5 13| v |-
i - : |
1 w204+-—o o .
i | Soft to StiFf, Wet, Dark Gray Micaceous Silty
) CLAY (CLY wilh Wond Franments / 43.57
I - ] 2 A
o8 . ] % i 8514 1
7 T 13818 2 ¢ a | &
83.0- 1 % 5
- - / £3.57 ;
i i % I88-16) v v & | o E : DLl
_ LEGEND Continued Mext Page
] SAMPLER TYPE DRILLING METHOD
35 . Split Spoon M - Rock Care, 1-778" H5A « Holtvw Stem Auger PWY - Rotary Wateh
5T - Shelby Tuba CU - Coltings CFA - Conlinueus Flight Augers RC - Rock Core
AWG - Rock Core, 1-108" CT - Continupus Tube DC - Driving Casing PHO - Percusgicn Hammer Qrill




CONSULTANTS = .

Urguharl Station Ash Pond Dike Investigation

Aiken County, South Carolina

LOG OF BORING No. B4

50'L TEST BORIMG GECHE-UROUMART STATION AZH POREGP) &G OOTGOT 3AEm.

Stalion,
G5034.000 Offeat:
. . . : Motes:
Date Drilled: 02727111 Supanvisor Ricky Wessinger -
P A g Equipment Used - GUSFECH GP
Casing Langlh {ft); Approx. Ground Elevalion {i}: 143.0 1100E
Hammer Type: B Gravily 1 Aulormatic O Other:
Waler Level: 25 Feet alT.0B. Drilling Method: Rotary Wash
= ; STOD. PENETRATION TEST DATA
'-ﬁﬁ E o ‘E & %.Fdﬁ 2= E {lowrsit)
=L SE MATERIAL DESCRIPTION 85 535 53 w ooy | E
i @ Fl® E BT 5 10 20 40 7O
1 55T ] Coose o Medium Dense, Wet, Brownryaliow, i : : RN
] | Fine to Medium SAND (SF) i i
4 A 5857 :
- n Tes47]| a  a 4 8 ;
83.0 - i =
7 7] B35 . i
] i 15518 & 5 G n i
8.0 1 :
] . B2.51 i
7 7 Ss18l v 5 B | M 5
?3.01 - -
1 7 7357 R
i N 18820 5 8 om | s i
EB_U: ?5'0_ Boring Terminated at 75.0 Feet i
63.0+ “ 1
58,0 . -
£330+ - -
48.0 4 n
CRXE 1 =
3B 1 B
LEGEND
] SAMPLER TYPE PRILLING METHOD
55 - Split Spoon K- Bock Core, 1-FI8" HEA - Hallewr Sterms Aurger Ry - Fotary Wash
ET - Shelby Tube CU - Culings CFA - Continuous Flight Augers RC - Rock Core
AW - Rock Core, 1-108" CT - Confinugus Tube DG - Driving Casing PHD - Peicussion Hammer Drill




F&ME

COMSULTANTS ==

E0IL_TEST BEDAING G044 LUROLIMART STOT:OM ASH PORDGP) SELOT.GOT 391

Urguhart Station Ash Pond Dike Investigation LOG OF BORING No. B-5
Alken County, Sauth Carolina Station:
G5044.000 Offset:
Date Drilled; 02/26/11 Supervisor: Ricky Wessinger Notes: o
Y g Equipment Used - Diedrich D-50
Casing Length {IN: Approx. Ground Elevahtion (ft): 1420
Hammer Type: O Gravity M Automatic O Other:
Water Level: 25 Feet al T.0.B. Drilling Method: Ratary Wash
= ; STD. PENETRATION TEST DATA
= I Zolis | 25 S {blawsitiy
;E 35 MATERIAL DESCRIPTION 83 ggg Ed | & | 3
w Grassed @ @ e B OB|Z 5 1 20 ab 70
| | Locese, Moist, Brown, Silty Fina 1o Medium 04 B : : Doonorona
. 1.3_ sanoesny s A N L
| " | \Coal Ash | " :
1 ] Coose, Mk, Grange Rad Vellow, Silly Fine 4] FRR |1 5 B |10 | AMET-Es
137 0 | to Coarse SAND {SM] with Trace Ash 1o 3 6o s34 | a a a 7
i i 6.0 554 | 7 2 2 & |4 E"- 3B
1 0T [onse. Wat Giay. Sty Fine to Madion BAND 10 FEHg T 2 8| 8 |46 THiows ]
132 .04y -1 S T
. 4 = 1586473 4 a7 |[ame. 36D
4 _ 120 -
1 "9 ey Toose, Wat, Biown, Finé to Madum 1ap] 387 2w ‘
] -| &AND (5F] with Organics and Wood 1 ee
127.0- voo | Freaments wol 5582+ 2] .
: : c%zﬁ;évgihylgte Yellow Gray, Stity Fine Io 13_[); E‘-_S-'E! 2 2 5 4 | 4the - 2R : 5
i gy Jegqol 2 4 s 4th & - 3 Blows
122.0 E -
1 ] 24,5
11T.D: _E 15511 + Fi [
4 #Fim—=— e —
A | Hard, Moist, White/Bed/Porple, SILT (L),
{K el ]
1 28,5
11207 i Issz[ s 15 =
7 1 34,5
10?'0: i 15513 12w =
h n 352,57
11}2.0: - 5514 14 22 8
. . 44,5+
7.0 1 45515 9 13 N
-1 1 49 57
HZ.04 7 15518 5 % =
7| %0 Bonng Temmnated at 52.0 Feel ]
LEGEND
] SAMPLER TYFE ORILLING METHOD
S5 - Spht Spoan MO - Rock Core, 1-7/87 k34 - Aolfow Stem Auger RvY - Rotany Wash
ST - Shelby Tube CU - Cubtings CFA - Continupys Flight Augers RG - Rook Core
AWGE - Rock Core, 1-140" CT - Continuous Tube OC - Oriving Caging PHD - Percusgion Harmer Drill




COMSULLANTS

S0l TEST REORING G5 JROURART STATTON ASH POKD GP) S0 CHYT GEIT Mg

Umuhart Station Ash Pond Dike Investigation LOG OF BORING No. B-6
Alken Cﬂuﬂt_v, South Carolina Station:
G5044.000 Offset:
Dale Crilled; 02/26/11 Supervisor Glyan Elten Notes:
P Y Equipment Used - GUSPECH GP
Casing Length Hi): Approx. Ground Elevation (fly; 143.0 ‘1S 100E, Water Table Based on CPT
ounding
Hammer Type: [ Gravity O Awlernatic [ tHher:
Waler Leval: 27 Feel at T.O.B. DCrrilling Method, Rotary Wash
c o |a - G w | STD. PENETRATION TEST DATA
E_ | S c o|25-| B7 E; {blows.ft)
3 | &E MATERIAL DESCRIPTION 85|88 BL |y o n| 2
= — k=]
W Dike @ = “FlE 5 EB|E 5 10 30 49 7D
i | Mediurn Dense to Very Dense, Moisl, Qrange, f/ 0.0 : : Do
] ] Clayay Firm b Medium SANDG (S0 with 1race A 2.0 : ;
Rivarsione - T : :
i 4 / so] S8 8 18 @ | s |4hE - 34 Biows |
136.0+ . % co] 552 | ® ® w | m [HhE—eBome—
— - 4 a0l 53.3| v Foom [ o7 | fthEn-15 B[:nws
1 BOT (heza, Mo, Change, Silty Fing to Mediom - ' : :
133 ﬂ: : SANE;ESM] ' ) ',.' 'H:Iﬂ_ 554 Ll + E 4 l4ihg" -8 BlDWS
. . | pgd S5 r 4 5| 2 |4ne-6Biows
1 "2P Eirm o ST, Wel Heddish TaniOrangeiLight 77 e . :
1 4.0, Gray. Fine t Medium Sandy Sity CLAY (CL 7 T had I B
128.0- ' ‘_h'IHG'laiﬁfh_L._ayEl_arEUEd_S"_Tﬂic_k ______ 4 {/‘ Y -
- | Wery Lopse, Wet, Brown, Clayey Fineg t¢ / 16.0 S57 10 2 2 *
Medium SAND {50 A 1.5
: : == S3oft Dark Gray Clay Layer ////: 18.0 | 558 |1 b L
1230 O] ey Sof io Firm, VWel, Daik Gray/Dark Brown || i hiad DA
7] 7 BILT ML) with Mica
i ] 23,0
4 a 43510 = 1 3 4
118.0 - .
i v 4
- 2840
| == Siratified wilh Red Micaceous Sill dsznl z 2 4 E
113.0 = & B
q 1 3357
T T qEB512] 2 3 5 B
108.0 =
- kL ——- -
7 . 15513 1 2 1 i
1020 . -
7 1 4357
| _ 155-14} 2 z 2 +
8.0 1 "
1 1 48,57
1 . 8545 2 2 a3 | 4
G0 . .
. :I 5357 _ , S
i i 18516  wome o S
_ LEGEND _ Contirved Next Page
] SAMFLER TYPE CRILLING METHOD
55 . Split Spoon MO - Rock Care, 1-78° HZA - Holtow Stem Auger RW - Rotary Wash
5T - Shelby Tube CU - Cuitings LCFA - Continuous Flipht Augers RG - Rook Core
AW - Rock Cora, 1-18" CT - Confinesus Tube DC - Criving Casing PHO - Percussion Hammer Cirill
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Urquhart Station Ash Pond Dika lnvestination

Ajken County, Sauth Carolina

LOG OF BORING No. B-6

S0IL_TEST BORING GEesJRULEART STATICN ASH FOR OGP &5 COT.GOT -1

Slation:
GE0 000 Offsel:
Date Drilled: (2/26/41 Supenvisor: Glynn Eflen Notes:
Equipment Used - GUSPECH GP
Casing Lenglh () Approx. Ground Elavation {it); 143.0 1100E, Water Table Bazed on CFT
Sounding
Hammer Type: B Gravily [ Autornatic O cither:
Water Level: 27 Feel at T.OR. Drilling Method: Rotary Wash
5 o » w O & STD. PEMETRATION TEST DATA
2~ | 5= Eg|eE..| 8% =2 thlowessft)
§5 35 MATERIAL DESCRIPTION g5 *EUSE E bl & 5| 8
w O wT | 9F|E E B|= s 10 20 40 70
1 2507 Loose wo Medium Dense, Wel, Hed Tan, Flna 1 . R
i 1 1o Medium SAND (SF) with Mica i
n ] 8587
7 ] 1 88- i 4 &8 |
8304 ] 5317
. 7 53,87
- i 5518l & & w |
8.0 — - -
n 1 8.5
7 . 1 g5- 4 5 5 | 1
23 0 ] ] 5518
1 1 73,57
- - MEs20( 6 5 5 | m
680 7501 Horing Termmnated a1 75.0 Feet 1
£.3.00 - .
58.0+ N =
53.04 . .
44. 0 ] 1
4.2, 0 1 1
38,04 . .
LEGEMD _
] SAMPLER TYFE DRILLING METHOD
S5 - S3plt Spoon Mot - Rack Core, 1-718"7 HSA - Hollow Stem Auger Rw - Rolary VWash
87 - Shelby Tube LU - Cutlings CFA - Conlinueus Flight Augors RC - Reck Cora
AWG - Rock Core, 1-178" CT - Continupus Tube OC - Dwiving Casing PHI - Parcyssion Hammer Orill




F&ME

CONSULTAKTS

Urquharl Station Ash Pond Dike Investigation

Aiken County, South Carolina

LOG OF BORING No. B-7

FOIL_TEST_BORING G5044-URIUHART STATICN ASH PONDLGEY 52 DOT GOT /i

Station:
GH044.000 Offset:
Drate Drilled: 02725711 Supervisar, Ricky Wessinger Noles:
P y g Equipment Used - GUSPECH GP
Casing Length {ft); Appros. Ground Elevation (f): 143.0 1160E
Hammer Typs: B Gravity U] Automatic L] Other:
Water Lavel: 24 Fest al TOB. Orilling Method: Raotary Wash
5 - e |le. g o £T0, PENETRATION TEST DATA
2_ | £ zo|eg | 52 = (it}
3E 3'5 MATERIAL DESCRIPTION g EEE Ed |y o | 2
= Sy iy ‘=
i Top of Dike cP 1" E ERIE 5 10 20 40 70
| 4 Used Past Hote Digger te 2 Feel 0.0 | - EERERERETE
1 20 - - — _ 20 . : :
1 | Medivm Gense, Dry to Maist, Whits/Pinx, Silty . - : :
’ 1 Fine to Medium SAND [Stl) with Kaolin ap 5812w ey @ |Ath6T. 16 Blows -
128.04 ] Granulas 85214 1w 20| 28 ~
4 o B0 | - :
. gp] 553 8 2 ) e {Athg - 12 Blows
80T Madiom tiense, Mol RediOrangaiinte, T :
] 1 Silty Micaceous Fine ta Medium SAND s} |1 1pp] ¥4 ¢ » 5 | 1 |4he"-10Blows .
133.01 oS Rwith Trace ofAsh e - ) .
4 aeealAsh T A4 120 B8 54 | W [AWET-15Blows
| | fedlum Dense, Moist, White/Finki Gray. Sty | N " ; ;
1 1q.0]-Micaozous Fin io Makium SAND {SM] Ol LN LN bk o
128 0 | Very Laose, Wel, WhitefGrayBrowniRed, dags7| s 2 2 4 :
L . Fily Fine to Madium SALC {50 16.0
= N -4 5B LIS 11 -l B
4 | 184 :
~ 4859 |7 a3 3| & |4hE-3BEIH
12304 A 0.0 :
e - 45810 1 z + 4 | dthB". 2 Bl
1 229 Coose, Wet, ReaWhieGray STy Fine 1a 20 '
: :ECDE"SAIE EM:JD [SM ’ 24.0‘ 85-11) ¢ 3 z 5 |4thB~-23 Bh:l:
§18.0- | == with Grawel 45512l 2 3 1 ) -
1 250 Fir, Wet, Greyiown, Sundy SILT MG ]
N 1 AB.5T :
1130 2CT Locse io Mediam Gense, Wel, growmGray, || 15513] 2« < ['a |ame -58iows
T | Mitzeeous Fine to Medium SAND {SP) L :
7 4 . EO5 ¥ 2 | &hg" - ;
108.0- ] __5'15 14 1 fthe"-T BII:?-'-I‘S
4 T m = T — e —
! i - Firm, Wet, zray, Micaceaus Fing Sandy N
- Plastic SILT (ML} 8.5
= 18545 3 4 4 | &
103,01 - 55
T PBs bk - ——_— 43,97
= - 3aft, Vet BluefGray . Micacaous CLAY {CL) 158516 2 1 2 3
93.0+ - with Sandy Seams and Wood Fragments /
i 4;-_,;.:____.____ ————————————— 7 ]
i | Ledase lo Medivm Denze, Wel, ]
i | Brewnidrangesveliow, Micaceous Fins Lo 485 ||
95 (- . Coarse SAND [SP 158AT| 5 G 4] L]
N T 53.57 .
1 1 1 65-18] s 4 G Ry : : R
LEGEMD Continged Next Page
_ SAMPLER TYPE CRILLING METHOD
85 - Split Spoon M- Rock Core, 1-TE" H5A - Hallow Stem Auger RW - Rolany Wash
8T - Shelby Tube CLU - Cuttings CFA - Continugus Flight Augers R - Rock Care
AW - Rock Core, 1-1/8" T - Continugus Tube OG- Driving Casing PHD - Percussion Ham mer Dall




COMNSII TANTS ki

Pond Dike Investigation

LOG OF BORING No. B-7

S0°L_TEST BORING GSoda-UROUMART STATION A%H POND GE. SC 007607 20

Urguhar Station Ash
Aiken County, South Carclina Station:
G504 000 Ciifaat:
Date Orilled: 02/25/11 Supervisor: Ficky Wessinger NDES:
P Y g Eguipment Used - GUSPECH GF
Casing Lenaln {fl): Approx. Ground Elevation (f); 143.0 1100E
Hammer Type: & Gravily O Automatic O Other,
Water Level: 24 Feat at T.OB. Drilling Methed: Rotary Wash
E o o s o S TR, FENETRATION TEST DWMTA
2. = LmasE.| a= =2 (BlawsM}
5'5 SE MATERIAL DESCRIPTION g5 EEE E2 |l yn b L b
fu e @ “Zls B B|Z 5 40 20 40 70
_, Loose to Mediom Dense, Wet, i : Poonorrin
| _| BrownfOrangefyelow, Micaceous Fine to i
} _| Coarse SAND (TP £q 5
. . T&s. a &5 7| 12
23 0 ] 55419 i
- n 63.57 .
1 . - 55. a B 9| 17
78.0- 5520 - -
1 80T wim ol TWEeT ST WL Tiaal i 68.5
1 _| Hard, Maist, White/Red, SILT (ML) (Kaolin) e
5852|124 | T
73.04 -
i 7 == Hard Driling i
1 - 135
- - 5822 72 3B SOy ma
EB'D: ?4'9_ Banng Temmnaled at 74.9 Feal i '
LR R 1 1
58,0 1 1
53.0] . .
48,0 . .
-!.3_n:|jI . . :
38.04 s . f
LEGEND
] SAMPLER TYPE DRILLING WMETHOD
5% - Split Spoon MG - Rock Gore, 1-7/8" H5A - Hollow Stem Auger RW - Relany vash
5T - Shelby Tube CU - Cultings CFA - Comninuous Elight Augears RC - Rock Core
AW - Rock Core, 1-1/58" CT - Continuous Tube DC - Driving Gasing FHE - Percussion Hammes Drill
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Depth (feet)

Job No: 11-917
Date: 02:23:11 09:54
Site: Urquhart Fly Ash

Sounding: CPT-01
Cone: 215:T1500F15U500

400

10

20

30

a B
o o

N
(@}

- Refusal

110

Max Depth: 23.750 m/ 77.92 ft
Depth Inc: 0.050 m/ 0.164 ft
Avg Int: Every Point

0.0

fs (tsf) Rf (%)
25 50 00 25 50 75

u (ft)

0 100 200 300
I N N

SBTn

0 3 6 9
N I

Refusal _ Refusal

Undefined
| Undefined

| sands

—| SandMixtures

| Silt Mixtures
Silt Mixtures

4 Silt Mixtures

| Silt Mixtures

Silt Mixtures

Silt Mixtures

Clays

| Silt Mixtures
Silt Mixtures

4 Clays

Sand Mixtures

Sand Mixtures

Sand Mixtures
Silt Mixtures
Silt Mixtures

| clays

Clays

Silt Mixtures
4 SandMixtures

—| SandMixtures

1 Sands

—| Sands

| SandMixtures
| SandMixtures
Sands

Sand Mixtures

AN

| Sands

| sandMixtures

' Refusal

File: 917CP01.COR
Unit Wt: SBT Chart Soil Zones

SBT: Lunne, Robertson and Powell, 1997
Coords: N: 33.435 E: 81.913 Elev: 0.000
Page No: 1 of 1



L] Job No: 11-917 Sounding: CPT-02

CONE TEC F&ME Date: 02:23:11 11:11 Cone: 215:T1500F15U500
—_— Site: Urquhart Fly Ash

gt (tsf) fs (tsf) Rf (%) u (ft) SBTn
l 0 200 400 0.0 25 5.0 00 25 50 75 0 100 200 300 0 3 6 9
z 0 I I I T B I I Ll
Undefined
T 1 T ] 7| GravellySandto Sand
m 1 7 T T 7| stiffSandto Clayey Sand
i E B 1 <| Stiff Sandto Clayey Sand
i 1 i [ E— | SandMixtures
E 10 . . . 1 = o=
i 4 i [ | Sands
—— Sands
T 1 T T | Sands
: E B B B 4 Sand Mixtures
] 1 ] | clays
20 T T _, - :, Silt Mixtures
( J - Clays
1 b 1 = - SandMixtures
i 1 ] — 4 Sand Mixtures
o | f | bV = | e
30 — — — h— = —| sandMixtures
i 1 i ] Sands
— Clays
n : : : - : Silt Mixtures
T 1 T 7| Clays
m 40 ] T T T ] :7 Sand Mixtures
i 1 1 1 ] 1 Sands
> i ] E g g -4 SandMixtures
~ ] T 1 T T | Sands
H 5 50 — - = I 1 | Sands
“(];) 1 1 ] 1 1 ] zang Mixtures
: Z T 1 1 T 1 | Sands
a i i i 1 1 | sandMmixtures
u 8 60 n n n 1 ] g:ﬂgsMixtures
T T 1 T T 1 Sands
i i 1 i i 4 SandMixtures
Sands
m 1 i ] i i 1 sands
q 70 - = = T I - ggﬂgsMixtures
i i , ] ] 4 Sands
B i i - | Sands
q : : : !I : Silt Mixtures
- - - —_— -}
80 i i 4 i i u | SandMixtures
n 7 b g 4 i | SandMixtures
i i | i ] | Sands
m R R i 1= b ggﬂgSMixtures
90- —5_ - 4 - | S tcures
Sands
m : : : : : : Sand Mixtures
i i i i ] Sands
’- 100+ — — —% — —| undefined
110 | | |
Max Depth: 30.550 m/ 100.23 ft File: 917CP02.COR SBT: Lunne, Robertson and Powell, 1997
Depth Inc: 0.050 m/ 0.164 ft Unit Wt: SBT Chart Soil Zones Coords: N: 33.436 E: 81.913 Elev: 0.000

Avg Int: Every Point Page No: 1 of 1
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Depth (feet)

Job No: 11-917
Date: 02:23:11 12:54
Site: Urquhart Fly Ash

Sounding: CPT-03
Cone: 215:T1500F15U500

400

[y
o

N
o

1004

==

110

Max Depth: 31.000 m/ 101.70 ft
Depth Inc: 0.050 m/ 0.164 ft
Avg Int: Every Point

0.

fs (tsf) Rf (%)
0 25 50 00 25 50 75

u (ft)

100 200 300
|||

SBTn

0 3 6 9
N I

Undefined
1 Sands

4 Sands

71 SandMixtures
Sands

Sand Mixtures
| Sands

Sand Mixtures
7 Silt Mixtures

1 SandMixtures
—| Clays

71 Silt Mixtures

4 Clays

4 Silt Mixtures
Sand Mixtures
1 SandMixtures
—1 Clays

4 Silt Mixtures

Clays

| SandMixtures
Sands

| Sands
Sands
| SandMixtures
4 Sands

1 SandMixtures
—| SandMixtures
1 SandMixtures
| SandMixtures
4 SandMixtures
Sand Mixtures
Sand Mixtures
Sand Mixtures
Sands

Sand Mixtures
| SandMixtures
4 Sand Mixtures
| Silt Mixtures

Sands

| SandMixtures
Silt Mixtures
1 Silt Mixtures

] Sands
Sand Mixtures

1 Sands

Sand Mixtures
Undefined

i

File: 917CP03.COR
Unit Wt: SBT Chart Soil Zones

SBT: Lunne, Robertson and Powell, 1997
Coords: N: 33.436 E: 81.912 Elev: 0.000
Page No: 1 of 1



L] Job No: 11-917 Sounding: CPT-04

CONE TEC F&ME Date: 02:23:11 13:55 Cone: 215:T1500F15U500
—_— Site: Urquhart Fly Ash

gt (tsf) fs (tsf) Rf (%) u (ft) SBTn
0 200 400 0.0 25 5.0 00 25 50 75 0O 100 200 300 O 3 6 9

?Z
{_

| sands

1 Silt Mixtures
=] Sand Mixtures

] Sands
—| SandMixtures
Sands

Sand Mixtures
7| Undefined

7 Silt Mixtures

1 SandMixtures
—| Silt Mixtures

| Sand Mixtures
Silt Mixtures

| Clays

40

A
(@}

—| SandMixtures

4 SandMixtures

Depth (feet)

N
(@}

Sands
Sands

Sand Mixtures

~
o

Sands
Sand Mixtures

: Sand Mixtures
Sands

80

Silt Mixtures

1 Clays

] Silt'Mixtures
Silt Mixtures
Sand Mixtures
Sands

| Sands

Sand Mixtures
1 sandMixtures

|

—] Sand Mixtures
| Undefined

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

r
RTINS

110

Max Depth: 30.900 m/ 101.38 ft File: 917CP04.COR SBT: Lunne, Robertson and Powell, 1997
Depth Inc: 0.050 m/ 0.164 ft Unit Wt: SBT Chart Soil Zones Coords: N: 33.436 E: 81.912 Elev: 0.000
Avg Int: Every Point Page No: 1 of 1
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Depth (feet)

Job No: 11-917
Date: 02:23:11 16:12
Site: Urquhart Fly Ash

Sounding: CPT-05
Cone: 215:T1500F15U500

fs (tsf) Rf (%)

400 0.0 25 5.0 00 25 50 75
T ETIT R

u (ft) SBTn

0O 100 200 300 O 3 6 9
I I N N i

Eg
=

—

| Undefined

Stiff Sand to Clayey Sand
| stiffSandto Clayey Sand
1 Sands

1 Sands

—| SandMixtures

Sand Mixtures

Sand Mixtures
1 SandMixtures
1 Clays

Clays
Sand Mixtures

1 Clays
—
—
— | Silt Mixtures
— Sand Mixtures

- SandMixtures
4 SandMixtures

| Sands
Sand Mixtures

1 Sands

Sand Mixtures

Sands

Sand Mixtures
Sands

Sands
Sands

: Sands
Sand Mixtures

Sand Mixtures

: Sands
| Silt Mixtures

Clays.
—] Silt'Mixtures

| sandMixtures

: Sands

Sand Mixtures

4 SandMixtures

Sands

4 Silt Mixtures

] Silt Mixtures
Silt Mixtures

1 Clays

4 SandMixtures
Sand Mixtures
Sands

Max Depth: 30.750 m/ 100.88 ft File: 917CP05B.COR
Depth Inc: 0.050 m/ 0.164 ft Unit Wt: SBT Chart Soil Zones

Avg Int: Every Point

SBT: Lunne, Robertson and Powell, 1997
Coords: N: 33.435 E: 81.912 Elev: 0.000
Page No: 1 of 1



L] Job No: 11-917 Sounding: CPT-06

CONETEC Date: 02:23:11 15:10 Cone: 215:T1500F15U500
—_— Site: Urquhart Fly Ash
fs (tsf) Rf (%) u (ft) SBTn
= 400 00 25 50 00 25 50 75 0 100 200 300 0 3 6 9
z 0 ] I | S ] O ] o | Undefined
i g B - StiffSandto Clayey Sand
m : : : : gﬁ?fdssandtoma ey Sand
E 10 ] ] — — —| Sands e
i g R -4 SandMixtures
g i i | SandMixtures
— Clays
: T T - 71 Silt Mixtures
T T Sands
20 - - - —| SandMixtures
‘ ’- g g - Silt Mixtures
o : : — 4 Clays
30 - - - .
n 1 1 = -4 SandMixtures
i i = | Silt Mixtures
40 ; ] ; | clays
m B B B B Sand Mixtures
> ] ] ] ] | sandMixtures
1 1 1 1 1 Sands
e = gl ; _ ; ; ]
é 1 1 1 1 Sand Mixtures
.- = ] : : :
% i i i i
(@] o 60 7 7 7 ] 7 sancs
m 1 : : 1 : Sand Mixtures
i ] 4 Silt Mixtures
q 70 — — — - —| SandMixtures
g g 4 SandMixtures
: : I : Silt Mixtures
q i E E E %:a%dSMixtures
80 — {—: ] n (—lY ] B T Saall’?:iss
n 1 Refusal 1 Refusal 1 Refusal 1 Refusal 1
Ll 90 4 _ _ _ ] ]
: 100 _ _ _ ] ]
110- | | |
Max Depth: 25.000 m/ 82.02ft File: 917CP06.COR SBT: Lunne, Robertson and Powell, 1997
Depth Inc: 0.050 m/ 0.164 ft Unit Wt: SBT Chart Soil Zones Coords: N: 33.435 E: 81.913 Elev: 0.000

Avg Int: Every Point Page No: 1 of 1
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L] Job No: 11-917 Sounding: CPT-01

CoNETEc | F&ME Date: 02:23:11 09:54 Cone: 215:T1500F15U500
—_— Site: Urquhart Fly Ash

gt (tsf) fs (tsf) u (ft) Vs (ft/s) SBTn

0 200 400 0.0 25 5.0 0 100 200 300 0 1000 2000 0 3 6 9
0 | | I T N | i

Undefined
| Undefined

| sands

—| SandMixtures

| Silt Mixtures
Silt Mixtures

4 Silt Mixtures

| Silt Mixtures

Silt Mixtures

Silt Mixtures

10

20

Clays

| Silt Mixtures
Silt Mixtures

4 Clays

Sand Mixtures

Sand Mixtures

Sand Mixtures
Silt Mixtures
Silt Mixtures

| clays

30

Clays

S

Silt Mixtures
4 SandMixtures

—| SandMixtures

A
(@}

1 Sands

Depth (feet)

N
(@}

—| Sands

| SandMixtures
| SandMixtures
Sands

Sand Mixtures

AN

| Sands

e | sandMixtures

80 - ~ Refusal Refusal - “Refusal Refusal

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

O
o
]
e ey
]
e ey

110

Max Depth: 23.750 m/ 77.92ft File: 917CP01.COR SBT: Lunne, Robertson and Powell, 1997
Depth Inc: 0.050 m/ 0.164 ft Unit Wt: SBT Chart Soil Zones Coords: N: 33.435 E: 81.913 Elev: 0.000
Avg Int: Every Point Page No: 1 of 1




izvemme— Shear Wave Velocity- CPT-1
CONETEC Urquhart Fly Ash

eSS 11-917
February 23 2011
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I . .
CONETEC ConeTec Shear Wave Velocity Data Reduction Sheet
[ie=sis i aa e

Hole: CPT-1

Location: Urquhart Fly Ash

Cone: AD215

Date: 23-Feb-11

Source: Beam

Source Depth 0.00 m

Source Offset 145 m

Tip Depth Geophone Travel Path Interval time  Velocity Velocity Interval Interval

(m) Depth(m) (m) (ms) (m/s) (ft/s) Depth (m)  Depth (ft)
0.00
1.55 1.35 1.98
3.05 2.85 3.20 3.94 308.5 1012.2 2.10 6.89
4.60 4.40 4.63 6.38 225.1 738.5 3.62 11.89
6.10 5.90 6.08 6.71 215.0 705.3 5.15 16.90
7.65 7.45 7.59 7.38 205.1 673.0 6.67 21.90
9.15 8.95 9.07 7.72 191.3 627.8 8.20 26.90
10.70 10.50 10.60 8.47 180.9 593.6 9.72 31.91
12.20 12.00 12.09 7.89 188.6 618.9 11.25 36.91
13.75 13.55 13.63 7.63 201.7 661.9 12.77 41.91
15.25 15.05 15.12 8.05 185.3 607.9 14.30 46.92
16.80 16.60 16.66 7.72 200.0 656.1 15.82 51.92
18.30 18.10 18.16 6.88 217.3 712.9 17.35 56.92
19.85 19.65 19.70 6.27 246.6 809.1 18.87 61.92
21.35 21.15 21.20 4.87 307.0 1007.1 20.40 66.93
22.90 22.70 22.75 4.40 351.1 1152.0 21.92 71.93
23.75 23.55 23.59 2.35 361.2 1185.0 23.12 75.87
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— Job No: 11-917 Client; FEME Project Title: Urquhart Fly Ash Operator. TS-RH Hole: CPT-01 Site: Urquhart Fly As Date: 02:23:11 09:54
CONETEC Oversite: 215:T1500F15U500
[ |
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Job No: 11-917
Date: 02:23:11 11:11
Site: Urquhart Fly Ash

Sounding: CPT-02
Cone: 215:T1500F15U500
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Depth Inc: 0.050 m/ 0.164 ft
Avg Int: Every Point
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Page No: 1 of 1



izvemme— Shear Wave Velocity- CPT-2
CONETEC Urquhart Fly Ash

eSS 11-917
February 23 2011
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I . .
CONETEC ConeTec Shear Wave Velocity Data Reduction Sheet
[ie=sis i aa e

Hole: CPT-2

Location: Urquhart Fly Ash

Cone: AD215

Date: 23-Feb-11

Source: Beam

Source Depth 0.00 m

Source Offset 145 m

Tip Depth Geophone Travel Path Interval time  Velocity Velocity Interval Interval

(m) Depth(m) (m) (ms) (m/s) (ft/s) Depth (m)  Depth (ft)
0.00
1.55 1.35 1.98
3.05 2.85 3.20 5.41 224.8 737.6 2.10 6.89
4.60 4.40 4.63 6.67 215.2 705.9 3.62 11.89
6.10 5.90 6.08 6.67 216.3 709.7 5.15 16.90
7.65 7.45 7.59 7.17 211.1 692.6 6.67 21.90
9.15 8.95 9.07 7.42 198.9 652.6 8.20 26.90
10.70 10.50 10.60 8.43 181.8 596.5 9.72 31.91
13.75 13.55 13.63 14.46 209.3 686.8 12.02 39.45
15.25 15.05 15.12 7.35 202.9 665.7 14.30 46.92
16.80 16.60 16.66 7.23 213.6 700.6 15.82 51.92
18.30 18.10 18.16 7.10 210.5 690.7 17.35 56.92
19.85 19.65 19.70 6.85 225.7 740.6 18.87 61.92
21.35 21.15 21.20 6.97 2145 703.9 20.40 66.93
22.90 22.70 22.75 5.58 277.2 909.4 21.92 71.93
24.40 24.20 24.24 3.55 421.7 1383.5 23.45 76.93
25.95 25.75 25.79 3.93 393.7 1291.6 24.97 81.94
27.45 27.25 27.29 3.42 437.5 1435.3 26.50 86.94
29.00 28.80 28.84 3.80 406.9 1335.1 28.03 91.94
30.55 30.35 30.38 3.47 445.7 1462.2 29.57 97.03
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— Job No: 11-917 Client; FSME Project Title: Urquhart Fly Ash Operator. TS-RH Hole: CPT-02 Site: Urquhart Fly As Date; 02:23:11 11:11
CONETEC Oversite: 215:T1500F15U500
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L] Job No: 11-917 Sounding: CPT-05

CONE TEC Date: 02:23:11 16:12 Cone: 215:T1500F15U500
—_— Site: Urquhart Fly Ash
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Max Depth: 30.750 m/ 100.88 ft File: 917CP05B.COR SBT: Lunne, Robertson and Powell, 1997
Depth Inc: 0.050 m/ 0.164 ft Unit Wt: SBT Chart Soil Zones Coords: N: 33.435 E: 81.912 Elev: 0.000
Avg Int: Every Point Page No: 1 of 1




izvemme— Shear Wave Velocity- CPT-5
CONETEC Urquhart Fly Ash

eSS 11-917
February 23 2011
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I . .
CONETEC ConeTec Shear Wave Velocity Data Reduction Sheet
[ie=sis i aa e

Hole: CPT-2

Location: Urquhart Fly Ash

Cone: AD215

Date: 23-Feb-11

Source: Beam

Source Depth 0.00 m

Source Offset 145 m

Tip Depth Geophone Travel Path Interval time  Velocity Velocity Interval Interval

(m) Depth(m) (m) (ms) (m/s) (ft/s) Depth (m)  Depth (ft)
0.00
1.55 1.35 1.98
3.05 2.85 3.20 3.42 355.4 1166.0 2.10 6.89
4.60 4.40 4.63 6.04 237.6 779.5 3.62 11.89
7.65 7.45 7.59 13.56 218.1 715.6 5.92 19.44
9.15 8.95 9.07 5.84 252.9 829.8 8.20 26.90
10.70 10.50 10.60 5.23 292.8 960.7 9.72 31.91
12.20 12.00 12.09 5.37 277.1 909.0 11.25 36.91
13.75 13.55 13.63 7.45 206.7 678.3 12.77 41.91
16.80 16.60 16.66 14.21 213.6 700.8 15.07 49.46
18.30 18.10 18.16 6.59 226.7 743.7 17.35 56.92
19.85 19.65 19.70 5.84 264.7 868.4 18.87 61.92
21.35 21.15 21.20 5.50 271.9 892.0 20.40 66.93
22.90 22.70 22.75 5.64 274.3 900.0 21.92 71.93
24.45 24.25 24.29 4.32 358.2 1175.1 23.47 77.02
26.00 25.80 25.84 4.16 372.1 1220.7 25.03 82.10
27.50 27.30 27.34 3.04 492.2 1614.8 26.55 87.11
29.05 28.85 28.89 3.52 440.2 1444.1 28.07 92.11
30.75 30.55 30.58 3.42 497.2 1631.3 29.70 97.44
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Job No: 11917 Client: F&ME Project Title: Urquhart Fly Ash Operator. TS-RH Hole: CPT-05 Site: Urquhart Fly As Date: 02:23:11 16:12
CONeTEC Oversite: 215:T1500F15U500
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Appendix B

Laboratory Test Results
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URQUHART STATION ASH POND DIKE INVESTIGATION

|_ BEECH ISLAND, SC
F&ME PROJECT NO.: G5044
z LABORATORY ANALYSIS SUMMARY
Ll
BORING | SAMPLE | SAMPLE % % % FINES
E NUMBER | DEPTH (ft) | NUMBER |GRAVEL| SAND | (SILT/CLAY) % MOISTURE| LL | PL | PI USCS
: B-1 2.0-4.0 11-0284A 2.5 63.5 33.9 9.6 28 | 18 | 10 e
B-1 6.0-8.0 11-0284D 3.1 74.6 22.3 12.1 NP | NP | NP SM
U B-1 14.0-16.0 | 11-0284G 0.1 38.6 61.3 26.9 25 | NP | - ML
B-1 16.0-18.0 | 11-0284J 1.6 62.0 36.4 20.1 SM
o B-1 18.0-20.0 | 11-0284L 0.3 68.7 31.0 18.5 SM
n B-1 23.5-250 | 11-0284N 0.0 92.2 7.8 21.6 SP-SM
B-1 33.5-35.0 | 11-0284P 0.0 27.2 72.8 37.5 43 | 32 | 11 ML
wi B-1 48.5-50.0 | 11-0284S 0.0 95.8 4.2 18.9 SP
B-1 78.5-80.0 | 11-0284U 0.0 54.3 45.7 28.2 31 | NP | - SM
> B-2 12.0-14.0 | 11-0285A 0.8 545 44.7 26.7 28 | NP | - SM
i B-2 14.0-16.0 | 11-0285D 0.1 34.2 65.7 29.7 29 | NP | - ML
B-2 16.0-18.0 | 11-0285G 38.6 61.4 34.3 ML
: B-2 18.0-20.0 | 11-0285I 43.0 57.0 32.8 ML
u B-2 23.5-250 | 11-0285K 0.6 89.5 9.9 33.9 SP-SM
B-2 29.5-31.0 | 11-0285M 0.0 11.4 88.6 52.7 26 | NP | - ML
ﬂ! B-2 39.5-41.0 | 11-0285P 0.0 95.0 5.0 19.7 SP
q B-2 48.5-50.0 | 11-0285R 0.4 94.7 4.9 21.4 SP
B-2 68.5-70.0 | 11-0285T 0.0 19.5 80.5 21.5 41 | 24 | 17 CL
¢ B-4 2.0-4.0 11-0291A 1.4 41.4 57.1 13.3 25 | 19 6 CL-ML
B-4 6.0-8.0 11-0291D 0.2 78.3 21.4 14.1 26 | NP | - SM
n_ B-4 10.0-12.0 | 11-0291G 0.4 80.4 19.1 14.5 26 [ NP | -- SM
Ll B-4 18.0-20.0 | 11-0291J 0.0 70.1 29.9 12.9 SM
B-4 28.5-30.0 | 11-0291L 0.0 7.8 92.2 32.1 34 | 33 1 ML
m B-4 63.5-65.0 | 11-02910 0.0 96.0 4.0 28.6 SP
B-6 6.0-8.0 11-0286A 0.9 50.5 48.6 19.2 28 | 18 | 10 e
: B-6 10.0-12.0 | 11-0286D 2.8 53.4 43.9 20.4 37 | 26 | 11 SM
B-6 16.0-18.0 | 11-0286G 3.6 66.3 30.2 14.2 32 | 22 | 10 SC
B-6 38.5-40.0 | 11-0286J 0.0 7.2 92.8 50.5 38 [ NP | -- ML




F&ME CONSULTANTS
3112 Devine Street
Columbia, South Carolina 29205

MOISTURE CONTENT DETERMIMNATION
(AASHTO T265)

FROIECT: Lirguhart Staticn Ash Pond Mhke Lvestigation PROJECT NO.: (35044 000

SAMPLE NUMBER: 13-17 110284 NATE SAMPLLE RECEIVED: 2R

DESCRIPTION OF Various

[ ="l N

TESTED BY: L. Guempel DATE OF TESTING: L2001
IBATE OF WELIGHING: 2

BORING NO, 13-1 1i-] i3-1 I3-1 13-1

SAMFPLE M. 11-0283A LI-0ZR4 02 11=02E40(; 11-02%54) FL=tF2541.

SAMFLE DEFTH 200400 [ E40F- 160 16.0- 18T 18002087

WATER CONTENT, W Qi 12.1 4 eI 18.5

BORIMG ND. H-1 LEBY| B-1 B-1

SANMPLE N, 1102840 L L-D2R4F | E-O2R45S 11-02841)

SAMPLE DEPTH 235250 JEA50 4R 5504 TES-R04F

WATER CONTENT, W% 21.6 F1.5 18.% 282
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WATER COMNTENT, W
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SANMPLE IMEFTIE
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LIQUEFACTION ANALYSIS - 2% P.E. in 50 YEARS Sheet 1 of 3
Calc. by: MSM
Project: Urquhart Station Ash Pond
Date: 3/8/2011

Soil Unit Weight (pcf) = 115 Soil unit weight (pcf) = 125 amax= 26.40% g
Depth to Groundwater (ft) = 26 Embankment height (ft) = 0 Mw = 7.34
Bouyant unit weight (pcf) = 52.6 Atmospheric Press (kPa) = 100 Layer Thickness= 2.0 ft
CPT-01
CPT Tip CPTsleeve  CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (gcln)es CRR7.5 kM CRR rd* Total* Effective* CSR eq FSL PL N60 Cn (N1)60 ev  Settlement
(tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa)  Stress (kPa) Stress (ksf)  Stress (ksf) (in)
50.27 0.278 29 4813.84 26.62 3.148 159.68 150.72 0.5 37.91 0.57 2.13 0.81 39.2 15 59.2 0.099 1.06 0.105 0.932 3.34 3.15 0.170 0.62 0.917 12.04 0.80 10 2.5% 0.60
54.17 0.280 31 5187.10 26.81 3.253 170.69 155.75 0.5 40.20 0.53 2.09 0.80 41.6 1.4 59.9 0.100 1.06 0.106 0.922 3.57 3.25 0.173 0.61 0.921  12.97 0.78 10 2.5% 0.60
61.57 0.230 42 5895.69 22.02 3.832 231.26 183.46 0.5 41.82 0.39 2.02 0.74 43.5 1.3 57.7 0.098 1.06 0.103 0.832 4.83 3.83 0.180 0.57 0.938 14.75 0.72 11 0.2% 0.04
62.33 0.157 44 5968.60 15.03 3.937 242.27 188.49 0.5 41.71 0.26 1.96 0.73 43.5 1.2 54.2 0.095 1.06 0.100 0.816 5.06 3.94 0.180 0.56 0.947  14.93 0.71 11 0.2% 0.04
56.21 0.249 46 5382.29 23.84 4.042 253.29 193.53 0.5 36.87 0.46 2.10 0.72 38.7 15 56.3 0.097 1.06 0.102 0.800 5.29 4.04 0.180 0.57 0.941  13.46 0.70 9 2.8% 0.67
59.35 0.225 48 5683.06 21.55 4.147 264.30 198.57 0.5 38.45 0.40 2.06 0.71 40.3 1.4 55.6 0.096 1.06 0.101 0.783 5.52 4.15 0.179 0.57 0.942 1421 0.69 10 2.5% 0.60
59.09 0.230 50 5658.04 22.02 4.252 275.31 203.60 0.5 37.72 0.41 2.07 0.70 39.7 1.4 55.5 0.096 1.06 0.101 0.767 5.75 4.25 0.178 0.57 0.941 14.15 0.69 10 2.5% 0.60
47.37 0.151 52 4535.97 14.46 4.358 286.32 208.64 0.5 29.42 0.34 2.14 0.69 31.4 15 48.0 0.090 1.06 0.095 0.751 5.98 4.36 0.177 0.54 0.958 11.35 0.68 8 2.8% 0.67
73.72 0.338 54 7059.19 32.37 4.463 297.33 213.68 0.5 46.26 0.48 2.02 0.68 48.3 1.3 63.9 0.104 1.06 0.110 0.735 6.21 4.46 0.175 0.63 0.909 17.66 0.67 12 0.1% 0.02
97.09 0.220 56 9296.92 21.07 4.568 308.35 218.72 0.5 60.78 0.23 1.79 0.68 62.9 1.1 69.0 0.110 1.06 0.117 0.718 6.44 4.57 0.174 0.67 0.882  18.60 0.66 12 0.1% 0.02
h 104.27 0.267 58 9984.86 25.57 4.673 319.36 223.75 0.5 64.62 0.26 1.78 0.67 66.8 11 72.9 0.116 1.06 0.123 0.702 6.67 4.67 0.172 0.71 0.855 19.98 0.65 13 0.1% 0.02
z 128.68 0.284 60 12322.42 27.20 4.778 330.37 228.79 0.5 79.28 0.23 1.67 0.66 81.5 1.0 83.0 0.133 1.06 0.141 0.686 6.90 4.78 0.170 0.83 0.772  24.66 0.65 16 0.1% 0.02
114.62 0.340 62 10976.38 32.56 4.884 341.38 233.83 0.5 69.55 0.31 1.77 0.65 71.8 1.1 78.1 0.124 1.06 0.131 0.669 7.13 4.88 0.168 0.78 0.804 21.96 0.64 14 0.2% 0.05
m 130.17 0.265 64 12465.49 25.38 4.989 352.40 238.86 0.5 78.38 0.21 1.67 0.65 80.7 1.0 81.8 0.131 1.06 0.138 0.653 7.36 4.99 0.165 0.84 0.763  24.94 0.63 16 0.1% 0.02
Total 3.98
E CPT-02
: CPTTip CPTsleeve  CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (geln)es CRR7.5 kM CRR rd* Total* Effective* CSReq FSL PL N60 Cn (N1)60 ev  Settlement
(tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa) Stress (kPa) Stress (ksf)  Stress (ksf) (in)
u- 21.16 0.476 29 2025.92 45.58 3.148 159.68 150.72 0.7 14.00 2.44 2.83 0.75 15.2 5.0 76.1 0.121 1.06 0.128 0.932 3.34 3.15 0.170 0.75 0.826 8.11 0.80 6 3.0% 0.72
55.18 0.490 31 5284.07 46.92 3.253 170.69 155.75 0.5 40.97 0.92 2.20 0.80 42.3 1.7 70.8 0.113 1.06 0.119 0.922 3.57 3.25 0.173 0.69 0.871 13.22 0.78 10 2.5% 0.60
o 68.65 0.158 42 6573.73 15.13 3.832 231.26 183.46 0.5 46.83 0.24 1.90 0.74 48.5 1.2 57.5 0.098 1.06 0.103 0.832 4.83 3.83 0.180 0.57 0.938 16.44 0.72 12 0.1% 0.02
55.46 0.143 44 5310.83 13.69 3.937 242.27 188.49 0.5 36.92 0.27 2.01 0.73 38.7 1.3 50.9 0.092 1.06 0.097 0.816 5.06 3.94 0.180 0.54 0.955 13.28 0.71 9 2.8% 0.67
a 47.60 0.146 46 4557.97 13.98 4.042 253.29 193.53 0.5 30.94 0.32 211 0.72 32.8 15 48.3 0.090 1.06 0.095 0.800 5.29 4.04 0.180 0.53 0.960 11.40 0.70 8 2.8% 0.67
56.10 0.123 48 5372.31 11.78 4.147 264.30 198.57 0.5 36.25 0.23 2.00 0.71 38.1 1.3 49.4 0.091 1.06 0.096 0.783 5.52 4.15 0.179 0.54 0.957 13.44 0.69 9 2.8% 0.67
143.77 0.361 50 13767.17 34.57 4.252 275.31 203.60 0.5 94.55 0.26 1.62 0.70 96.5 1.0 96.5 0.164 1.06 0.173 0.767 5.75 4.25 0.178 0.97 0.676  27.55 0.69 19 0.1% 0.02
m 115.62 0.335 52 11072.08 32.08 4.358 286.32 208.64 0.5 74.67 0.30 1.74 0.69 76.7 1.1 81.7 0.131 1.06 0.138 0.751 5.98 4.36 0.177 0.78 0.810 22.15 0.68 15 0.1% 0.02
116.14 0.300 54 11121.19 28.73 4.463 297.33 213.68 0.5 74.05 0.27 1.73 0.68 76.1 1.1 80.2 0.128 1.06 0.135 0.735 6.21 4.46 0.175 0.77 0.816 22.25 0.67 15 0.1% 0.02
> 104.85 0.270 56 10040.39 25.86 4.568 308.35 218.72 0.5 65.81 0.27 1.77 0.68 67.9 1.1 73.8 0.117 1.06 0.124 0.718 6.44 4,57 0.174 0.71 0.854  20.09 0.66 13 0.1% 0.02
H 90.40 0.294 58 8656.67 28.15 4.673 319.36 223.75 0.5 55.74 0.34 1.88 0.67 57.9 1.2 67.7 0.109 1.06 0.115 0.702 6.67 4.67 0.172 0.67 0.884 17.32 0.65 11 0.2% 0.05
115.53 0.294 60 11062.99 28.15 4,778 330.37 228.79 0.5 70.96 0.26 1.74 0.66 73.1 1.1 77.9 0.124 1.06 0.131 0.686 6.90 4.78 0.170 0.77 0.814 22.14 0.65 14 0.1% 0.02
: 106.73 0.270 62 10220.86 25.86 4.884 341.38 233.83 0.5 64.61 0.26 1.78 0.65 66.8 1.1 72.9 0.116 1.06 0.123 0.669 7.13 4.88 0.168 0.73 0.842  20.45 0.64 13 0.1% 0.02
82.09 0.230 64 7860.59 22.02 4.989 352.40 238.86 0.5 48.58 0.29 191 0.65 50.9 1.2 61.0 0.101 1.06 0.107 0.653 7.36 4.99 0.165 0.65 0.901 15.73 0.63 10 2.5% 0.60
u 69.77 0.232 66 6681.64 22.22 5.094 363.41 243.90 0.5 40.46 0.35 2.01 0.64 42.8 1.3 56.4 0.097 1.06 0.102 0.637 7.59 5.09 0.163 0.63 0.915 16.71 0.63 10 2.5% 0.60
81.13 0.248 68 7769.44 23.75 5.199 374.42 248.94 0.5 46.87 0.32 1.94 0.63 49.2 1.2 60.5 0.101 1.06 0.106 0.621 7.82 5.20 0.160 0.66 0.891  19.43 0.62 12 0.1% 0.02
m 78.99 0.209 70 7564.29 20.01 5.304 385.43 253.97 0.5 45.05 0.28 1.93 0.63 47.5 1.2 58.0 0.098 1.06 0.104 0.604 8.05 5.30 0.157 0.66 0.897 18.92 0.61 12 0.1% 0.02
q 102.64 0.136 72 9828.74 13.02 5.410 396.45 259.01 0.5 58.61 0.14 1.74 0.62 61.1 1.1 65.0 0.106 1.06 0.112 0.588 8.28 5.41 0.154 0.72 0.850 19.67 0.61 12 0.1% 0.02
Total 4.82
Ll
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CPT-03
CPTTip CPTsleeve CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (gcln)es CRR7.5 kM CRR rd* Total* Effective* CSReq FSL PL N60 Cn (N1)60 ev  Settlement
(tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa) Stress (kPa) Stress (ksf)  Stress (ksf) (in)
79.98 0.750 28 7658.47 71.82 3.095 154.17 148.20 0.5 61.64 0.96 2.07 0.82 62.9 1.4 87.8 0.143 1.06 0.151 0.935 3.22 3.10 0.167 0.90 0.714  19.15 0.80 15 0.2% 0.05
127.50 0.531 51 12209.48 50.85 4.305 280.82 206.12 0.5 83.09 0.43 1.77 0.70 85.0 1.1 92.2 0.153 1.06 0.161 0.759 5.87 431 0.177 0.91 0.719  24.43 0.68 17 0.2% 0.05
108.99 0.404 53 10436.89 38.69 4.410 291.83 211.16 0.5 69.81 0.38 1.81 0.69 71.8 1.1 80.2 0.128 1.06 0.135 0.743 6.10 4.41 0.176 0.77 0.819 20.88 0.67 14 0.5% 0.12
129.21 0.464 55 12373.62 44.43 4515 302.84 216.20 0.5 82.09 0.37 1.74 0.68 84.2 1.1 89.8 0.147 1.06 0.156 0.726 6.33 4,52 0.175 0.89 0.730 24.76 0.67 16 0.2% 0.05
96.41 0.351 57 9231.91 33.61 4.621 313.85 221.23 0.5 59.96 0.38 1.87 0.67 62.1 1.2 72.1 0.115 1.06 0.121 0.710 6.56 4.62 0.173 0.70 0.862  18.47 0.66 12 0.5% 0.12
101.28 0.293 59 9698.30 28.06 4,726 324.87 226.27 0.5 62.31 0.30 1.81 0.66 64.5 1.1 72.0 0.115 1.06 0.121 0.694 6.79 4,73 0.171 0.71 0.857 19.41 0.65 13 0.2% 0.05
126.21 0.344 61 12085.79 32.94 4.831 335.88 231.31 0.5 77.26 0.28 1.72 0.66 79.5 1.0 83.4 0.134 1.06 0.141 0.678 7.02 4.83 0.169 0.84 0.765 24.18 0.64 16 0.2% 0.05
123.65 0.457 63 11840.90 43.76 4.936 346.89 236.35 0.5 74.76 0.38 1.79 0.65 77.0 1.1 84.5 0.136 1.06 0.144 0.661 7.25 4.94 0.167 0.86 0.745  23.69 0.64 15 0.2% 0.05
116.38 0.293 65 11144.14 28.06 5.041 357.90 241.38 0.5 69.43 0.26 1.75 0.64 71.7 1.1 76.8 0.122 1.06 0.129 0.645 7.48 5.04 0.164 0.79 0.801  22.30 0.63 14 0.5% 0.12
125.11 0.410 67 11980.84 39.26 5.147 368.92 246.42 0.5 73.97 0.34 1.77 0.64 76.3 1.1 82.7 0.133 1.06 0.140 0.629 7.71 5.15 0.162 0.87 0.738  23.97 0.62 15 0.2% 0.05
120.32 0.505 69 11521.78 48.36 5.252 379.93 251.46 0.5 70.26 0.43 1.84 0.63 72.7 1.1 82.4 0.132 1.06 0.139 0.612 7.94 5.25 0.159 0.88 0.728  23.05 0.62 14 0.5% 0.12
120.99 0.413 71 11586.08 39.55 5.357 390.94 256.49 0.5 69.90 0.35 1.80 0.62 72.3 1.1 79.9 0.128 1.06 0.135 0.596 8.17 5.36 0.156 0.86 0.737  23.18 0.61 14 0.5% 0.12
122.88 0.527 73 11766.52 50.47 5.462 401.95 261.53 0.5 70.27 0.44 1.84 0.62 72.8 1.1 82.8 0.133 1.06 0.140 0.580 8.40 5.46 0.153 0.92 0.693  23.54 0.61 14 0.5% 0.12
E Total 1.06
m CPT-04
CPT Tip CPTsleeve  CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (gcln)es CRR7.5 kM CRR rd* Total* Effective* CSR eq FSL PL N60 Cn (N1)60 ev  Settlement
E (tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa)  Stress (kPa) Stress (ksf)  Stress (ksf) (in)
77.69 0.341 51 7439.27 32.65 4.305 280.82 206.12 0.5 49.86 0.46 1.98 0.70 51.8 1.3 65.9 0.107 1.06 0.113 0.759 5.87 431 0.177 0.64 0.904 18.61 0.68 13 0.1% 0.02
: 58.20 0.302 53 5573.41 28.92 4.410 291.83 211.16 0.5 36.35 0.55 2.14 0.69 38.4 15 58.5 0.099 1.06 0.104 0.743 6.10 4.41 0.176 0.59 0.930 13.94 0.67 9 2.0% 0.48
66.59 0.274 55 6376.38 26.24 4515 302.84 216.20 0.5 41.31 0.43 2.04 0.68 43.4 1.4 58.9 0.099 1.06 0.105 0.726 6.33 4,52 0.175 0.60 0.926 15.95 0.67 11 0.1% 0.02
u- 65.39 0.253 57 6261.73 24.23 4.621 313.85 221.23 0.5 39.99 0.41 2.04 0.67 42.1 1.4 57.3 0.098 1.06 0.103 0.710 6.56 4.62 0.173 0.60 0.929 15.66 0.66 10 1.0% 0.24
62.21 0.247 59 5957.15 23.65 4,726 324.87 226.27 0.5 37.44 0.42 2.08 0.66 39.6 1.4 55.9 0.096 1.06 0.102 0.694 6.79 4,73 0.171 0.59 0.931  14.90 0.65 10 1.0% 0.24
o 84.52 0.261 61 8093.60 24.99 4.831 335.88 231.31 0.5 51.01 0.32 191 0.66 53.2 1.2 63.6 0.104 1.06 0.110 0.678 7.02 4.83 0.169 0.65 0.897  16.19 0.64 10 1.0% 0.24
104.30 0.382 63 9987.61 36.58 4.936 346.89 236.35 0.5 62.71 0.38 1.85 0.65 65.0 1.1 74.6 0.119 1.06 0.125 0.661 7.25 4.94 0.167 0.75 0.827 19.98 0.64 13 0.1% 0.02
a 82.01 0.369 65 7853.20 35.34 5.041 357.90 241.38 0.5 48.24 0.47 2.00 0.64 50.5 1.3 65.5 0.106 1.06 0.112 0.645 7.48 5.04 0.164 0.68 0.876  19.64 0.63 12 0.2% 0.05
76.25 0.289 67 7301.57 27.67 5.147 368.92 246.42 0.5 44.16 0.40 2.00 0.64 46.5 1.3 60.5 0.101 1.06 0.106 0.629 7.71 5.15 0.162 0.66 0.895 18.26 0.62 11 0.2% 0.05
78.05 0.257 69 7473.77 24.61 5.252 379.93 251.46 0.5 44.74 0.35 1.97 0.63 47.1 1.3 59.6 0.100 1.06 0.105 0.612 7.94 5.25 0.159 0.66 0.893  18.69 0.62 12 0.2% 0.05
m 107.10 0.379 71 10256.06 36.29 5.357 390.94 256.49 0.5 61.60 0.37 1.86 0.62 64.0 1.1 73.6 0.117 1.06 0.124 0.596 8.17 5.36 0.156 0.79 0.794  20.52 0.61 13 0.1% 0.02
100.37 0.353 73 9611.36 33.80 5.462 401.95 261.53 0.5 56.95 0.37 1.89 0.62 59.4 1.2 69.9 0.112 1.06 0.118 0.580 8.40 5.46 0.153 0.77 0.811  19.23 0.61 12 0.2% 0.05
> 98.17 0.413 75 9401.17 39.55 5.567 412.97 266.57 0.5 55.05 0.44 1.93 0.61 57.6 1.2 70.3 0.112 1.06 0.119 0.564 8.63 5.57 0.150 0.79 0.794 18.81 0.60 11 0.2% 0.05
H Total 1.54
: CPT-05
CPT Tip CPTsleeve  CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (gcln)es CRR7.5 kM CRR rd* Total* Effective* CSR eq FSL PL N60 Cn (N1)60 ev  Settlement
u’ (tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa)  Stress (kPa) Stress (ksf)  Stress (ksf) (in)
121.52 0.465 39 11637.23 44.53 3.674 214.74 175.90 0.5 86.12 0.39 1.74 0.75 87.7 1.1 93.2 0.155 1.06 0.164 0.857 4.49 3.67 0.179 0.91 0.718  23.28 0.74 17 0.2% 0.05
m 76.79 0.490 41 7353.65 46.92 3.779 225.75 180.94 0.5 52.99 0.66 2.03 0.74 54.7 1.3 73.4 0.117 1.06 0.123 0.840 4.72 3.78 0.180 0.69 0.873  18.39 0.73 13 0.2% 0.05
116.81 0.422 43 11185.94 40.41 3.884 236.77 185.98 0.5 80.29 0.37 1.75 0.73 82.0 1.1 88.0 0.143 1.06 0.151 0.824 4.95 3.88 0.180 0.84 0.769  22.38 0.72 16 0.2% 0.05
q 99.95 0.455 45 9571.06 43.57 3.989 247.78 191.01 0.5 67.46 0.47 1.87 0.72 69.3 1.2 80.3 0.128 1.06 0.135 0.808 5.18 3.99 0.180 0.75 0.830 19.15 0.71 14 0.2% 0.05
91.63 0.277 47 8774.05 26.53 4.095 258.79 196.05 0.5 60.82 0.31 1.83 0.71 62.7 1.1 70.8 0.113 1.06 0.119 0.792 5.41 4.09 0.179 0.67 0.885  17.56 0.70 12 0.2% 0.05
¢ 92.92 0.305 49 8897.83 29.21 4.200 269.80 201.09 0.5 60.84 0.34 1.84 0.71 62.7 1.1 71.6 0.114 1.06 0.121 0.775 5.64 4.20 0.178 0.68 0.879 17.80 0.69 12 0.2% 0.05
116.37 0.574 51 11143.41 54.97 4.305 280.82 206.12 0.5 75.66 0.51 1.84 0.70 77.6 1.1 88.3 0.144 1.06 0.152 0.759 5.87 431 0.177 0.86 0.756  22.30 0.68 15 0.2% 0.05
n 96.96 0.312 53 9285.22 29.88 4.410 291.83 211.16 0.5 61.89 0.33 1.83 0.69 63.9 1.1 72.4 0.115 1.06 0.122 0.743 6.10 4.41 0.176 0.69 0.869 18.58 0.67 13 0.2% 0.05
101.34 0.498 55 9703.98 47.69 4515 302.84 216.20 0.5 63.94 0.51 1.90 0.68 66.0 1.2 78.7 0.125 1.06 0.132 0.726 6.33 4,52 0.175 0.76 0.824  19.42 0.67 13 0.2% 0.05
m 71.11 0.255 57 6809.52 24.42 4.621 313.85 221.23 0.5 43.67 0.38 2.00 0.67 45.8 1.3 59.2 0.099 1.06 0.105 0.710 6.56 4.62 0.173 0.61 0.922 17.03 0.66 11 0.2% 0.05
123.88 0.566 59 11862.76 54.20 4,726 324.87 226.27 0.5 76.70 0.47 1.82 0.66 78.9 1.1 88.4 0.144 1.06 0.152 0.694 6.79 4,73 0.171 0.89 0.727  23.74 0.65 15 0.2% 0.05
97.60 0.322 61 9346.20 30.83 4.831 335.88 231.31 0.5 59.24 0.34 1.86 0.66 61.5 1.2 70.7 0.113 1.06 0.119 0.678 7.02 4.83 0.169 0.71 0.859 18.70 0.64 12 0.2% 0.05
m 105.10 0.387 63 10064.63 37.06 4.936 346.89 236.35 0.5 63.21 0.38 1.85 0.65 65.5 1.1 75.1 0.119 1.06 0.126 0.661 7.25 4.94 0.167 0.76 0.823  20.14 0.64 13 0.2% 0.05
: 120.65 0.411 65 11553.79 39.36 5.041 357.90 241.38 0.5 72.06 0.35 1.78 0.64 74.4 1.1 81.5 0.130 1.06 0.138 0.645 7.48 5.04 0.164 0.84 0.761  23.12 0.63 15 0.2% 0.05
Total 0.67
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CPT-06
CPTTip CPTsleeve CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (gcln)es CRR7.5 kM CRR rd* Total* Effective* CSReq FSL PL N60 Cn (N1)60 ev  Settlement
(tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa) Stress (kPa) Stress (ksf)  Stress (ksf) (in)
85.01 0.248 43 8140.10 23.75 3.884 236.77 185.98 0.5 57.95 0.30 1.84 0.73 59.7 11 68.1 0.109 1.06 0.115 0.824 4.95 3.88 0.180 0.64 0.900 16.29 0.72 12 0.2% 0.05
65.41 0.228 45 6263.24 21.83 3.989 247.78 191.01 0.5 43.52 0.36 1.99 0.72 45.3 13 58.4 0.098 1.06 0.104 0.808 5.18 3.99 0.180 0.58 0.936  15.67 0.71 11 0.2% 0.05
63.40 0.236 47 6070.99 22.60 4.095 258.79 196.05 0.5 41.51 0.39 2.02 0.71 43.4 1.3 57.6 0.098 1.06 0.103 0.792 5.41 4.09 0.179 0.58 0.937 15.18 0.70 11 0.2% 0.05
61.42 0.289 49 5881.48 27.67 4.200 269.80 201.09 0.5 39.57 0.49 2.08 0.71 415 1.4 59.1 0.099 1.06 0.105 0.775 5.64 4.20 0.178 0.59 0.931 14.71 0.69 10 0.5% 0.12
57.53 0.212 51 5508.67 20.30 4.305 280.82 206.12 0.5 36.41 0.39 2.07 0.70 38.4 1.4 54.0 0.095 1.06 0.100 0.759 5.87 4.31 0.177 0.56 0.945 13.78 0.68 9 0.2% 0.05
58.76 0.202 53 5627.27 19.34 4.410 291.83 211.16 0.5 36.72 0.36 2.06 0.69 38.7 1.4 53.6 0.094 1.06 0.100 0.743 6.10 4.41 0.176 0.57 0.944  14.07 0.67 9 0.2% 0.05
51.65 0.191 55 4946.45 18.29 4.515 302.84 216.20 0.5 31.58 0.39 2.13 0.68 33.6 15 51.0 0.092 1.06 0.098 0.726 6.33 4.52 0.175 0.56 0.949 12.37 0.67 8 0.5% 0.12
54.39 0.154 57 5207.97 14.75 4.621 313.85 221.23 0.5 32.90 0.30 2.07 0.67 35.0 1.4 49.4 0.091 1.06 0.096 0.710 6.56 4.62 0.173 0.56 0.951  13.03 0.66 9 0.2% 0.05
143.26 0.393 59 13718.28 37.63 4.726 324.87 226.27 0.5 89.04 0.28 1.66 0.66 91.2 1.0 92.2 0.153 1.06 0.162 0.694 6.79 4.73 0.171 0.94 0.687  27.45 0.65 18 0.1% 0.02
159.48 0.448 61 15272.02 42.90 4.831 335.88 231.31 0.5 98.21 0.29 1.63 0.66 100.4 1.0 100.4 0.174 1.06 0.184 0.678 7.02 4.83 0.169 1.09 0.582  30.56 0.64 20 0.0% 0.00
119.17 0.302 63 11411.25 28.92 4.936 346.89 236.35 0.5 71.97 0.26 1.73 0.65 74.2 11 78.7 0.125 1.06 0.132 0.661 7.25 4.94 0.167 0.80 0.795  22.38 0.64 14 0.2% 0.05

Total 0.60

Reference: Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils ; Journal of Geotechncial and
Geoenvironmental Engineering, Vol. 127, No. 10, October, 2001.
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LIQUEFACTION ANALYSIS - 10% P.E. in 50 YEARS Sheet 1 of 3
Calc. by: MSM
Project: Urquhart Station Ash Pond
Date: 3/8/2011

Soil Unit Weight (pcf) = 115 Soil unit weight (pcf) = 125 amax= 10.40% g
Depth to Groundwater (ft) = 26 Embankment height (ft) = 0 Mw = 7.34
Bouyant unit weight (pcf) = 52.6 Atmospheric Press (kPa) = 100 Layer Thickness= 2.0 ft
CPT-01
CPT Tip CPTsleeve  CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (gcln)es CRR7.5 kM CRR rd* Total* Effective* CSR eq FSL PL N60 Cn (N1)60 ev  Settlement
(tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa)  Stress (kPa) Stress (ksf)  Stress (ksf) (in)
50.27 0.278 29 4813.84 26.62 3.148 159.68 150.72 0.5 37.91 0.57 2.13 0.81 39.2 15 59.2 0.099 1.06 0.105 0.932 3.34 3.15 0.067 1.57 0.211  12.04 0.80 10 0.00
54.17 0.280 31 5187.10 26.81 3.253 170.69 155.75 0.5 40.20 0.53 2.09 0.80 41.6 1.4 59.9 0.100 1.06 0.106 0.922 3.57 3.25 0.068 1.55 0.220 12.97 0.78 10 0.00
61.57 0.230 42 5895.69 22.02 3.832 231.26 183.46 0.5 41.82 0.39 2.02 0.74 43.5 1.3 57.7 0.098 1.06 0.103 0.832 4.83 3.83 0.071 1.46 0.269 14.75 0.72 11 0.00
62.33 0.157 44 5968.60 15.03 3.937 242.27 188.49 0.5 41.71 0.26 1.96 0.73 43.5 1.2 54.2 0.095 1.06 0.100 0.816 5.06 3.94 0.071 1.41 0.303  14.93 0.71 11 0.00
56.21 0.249 46 5382.29 23.84 4.042 253.29 193.53 0.5 36.87 0.46 2.10 0.72 38.7 15 56.3 0.097 1.06 0.102 0.800 5.29 4.04 0.071 1.44 0.281  13.46 0.70 9 0.00
59.35 0.225 48 5683.06 21.55 4.147 264.30 198.57 0.5 38.45 0.40 2.06 0.71 40.3 1.4 55.6 0.096 1.06 0.101 0.783 5.52 4.15 0.070 1.44 0.284 1421 0.69 10 0.00
59.09 0.230 50 5658.04 22.02 4.252 275.31 203.60 0.5 37.72 0.41 2.07 0.70 39.7 1.4 55.5 0.096 1.06 0.101 0.767 5.75 4.25 0.070 1.44 0.281  14.15 0.69 10 0.00
47.37 0.151 52 4535.97 14.46 4.358 286.32 208.64 0.5 29.42 0.34 2.14 0.69 31.4 15 48.0 0.090 1.06 0.095 0.751 5.98 4.36 0.070 1.36 0.357 1135 0.68 8 0.00
73.72 0.338 54 7059.19 32.37 4.463 297.33 213.68 0.5 46.26 0.48 2.02 0.68 48.3 1.3 63.9 0.104 1.06 0.110 0.735 6.21 4.46 0.069 1.59 0.196 17.66 0.67 12 0.00
97.09 0.220 56 9296.92 21.07 4.568 308.35 218.72 0.5 60.78 0.23 1.79 0.68 62.9 1.1 69.0 0.110 1.06 0.117 0.718 6.44 4.57 0.068 1.71 0.154  18.60 0.66 12 0.00
h 104.27 0.267 58 9984.86 25.57 4.673 319.36 223.75 0.5 64.62 0.26 1.78 0.67 66.8 11 72.9 0.116 1.06 0.123 0.702 6.67 4.67 0.068 1.81 0.125 19.98 0.65 13 0.00
z 128.68 0.284 60 12322.42 27.20 4.778 330.37 228.79 0.5 79.28 0.23 1.67 0.66 81.5 1.0 83.0 0.133 1.06 0.141 0.686 6.90 4.78 0.067 2.10 0.076  24.66 0.65 16 0.00
114.62 0.340 62 10976.38 32.56 4.884 341.38 233.83 0.5 69.55 0.31 1.77 0.65 71.8 1.1 78.1 0.124 1.06 0.131 0.669 7.13 4.88 0.066 1.99 0.091 21.96 0.64 14 0.00
m 130.17 0.265 64 12465.49 25.38 4.989 352.40 238.86 0.5 78.38 0.21 1.67 0.65 80.7 1.0 81.8 0.131 1.06 0.138 0.653 7.36 4.99 0.065 2.12 0.073  24.94 0.63 16 0.00
Total 0.00
E CPT-02
: CPTTip CPTsleeve CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (geln)cs CRR7.5 kM CRR rd* Total* Effective* CSReq FSL PL N60 Cn (N1)60 ev  Settlement
(tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa) Stress (kPa) Stress (ksf)  Stress (ksf) (in)
u- 21.16 0.476 29 2025.92 45.58 3.148 159.68 150.72 0.7 14.00 2.44 2.83 0.75 15.2 5.0 76.1 0.121 1.06 0.128 0.932 3.34 3.15 0.067 191 0.103 8.11 0.80 6 0.00
55.18 0.490 31 5284.07 46.92 3.253 170.69 155.75 0.5 40.97 0.92 2.20 0.80 42.3 1.7 70.8 0.113 1.06 0.119 0.922 3.57 3.25 0.068 1.75 0.141  13.22 0.78 10 0.00
o 68.65 0.158 42 6573.73 15.13 3.832 231.26 183.46 0.5 46.83 0.24 1.90 0.74 48.5 1.2 57.5 0.098 1.06 0.103 0.832 4.83 3.83 0.071 1.46 0.270  16.44 0.72 12 0.00
55.46 0.143 44 5310.83 13.69 3.937 242.27 188.49 0.5 36.92 0.27 2.01 0.73 38.7 1.3 50.9 0.092 1.06 0.097 0.816 5.06 3.94 0.071 1.37 0.340 13.28 0.71 9 0.00
a 47.60 0.146 46 4557.97 13.98 4.042 253.29 193.53 0.5 30.94 0.32 211 0.72 32.8 15 48.3 0.090 1.06 0.095 0.800 5.29 4.04 0.071 1.35 0.367  11.40 0.70 8 0.00
56.10 0.123 48 5372.31 11.78 4.147 264.30 198.57 0.5 36.25 0.23 2.00 0.71 38.1 1.3 49.4 0.091 1.06 0.096 0.783 5.52 4.15 0.070 1.37 0.351 13.44 0.69 9 0.00
143.77 0.361 50 13767.17 34.57 4.252 275.31 203.60 0.5 94.55 0.26 1.62 0.70 96.5 1.0 96.5 0.164 1.06 0.173 0.767 5.75 4.25 0.070 2.46 0.048  27.55 0.69 19 0.00
m 115.62 0.335 52 11072.08 32.08 4.358 286.32 208.64 0.5 74.67 0.30 1.74 0.69 76.7 1.1 81.7 0.131 1.06 0.138 0.751 5.98 4.36 0.070 1.98 0.094 22.15 0.68 15 0.00
116.14 0.300 54 11121.19 28.73 4.463 297.33 213.68 0.5 74.05 0.27 1.73 0.68 76.1 1.1 80.2 0.128 1.06 0.135 0.735 6.21 4.46 0.069 1.96 0.097 22.25 0.67 15 0.00
> 104.85 0.270 56 10040.39 25.86 4.568 308.35 218.72 0.5 65.81 0.27 1.77 0.68 67.9 1.1 73.8 0.117 1.06 0.124 0.718 6.44 4.57 0.068 1.81 0.125  20.09 0.66 13 0.00
H 90.40 0.294 58 8656.67 28.15 4.673 319.36 223.75 0.5 55.74 0.34 1.88 0.67 57.9 1.2 67.7 0.109 1.06 0.115 0.702 6.67 4.67 0.068 1.70 0.157 17.32 0.65 11 0.00
115.53 0.294 60 11062.99 28.15 4,778 330.37 228.79 0.5 70.96 0.26 1.74 0.66 73.1 1.1 77.9 0.124 1.06 0.131 0.686 6.90 4,78 0.067 1.96 0.096 22.14 0.65 14 0.00
: 106.73 0.270 62 10220.86 25.86 4.884 341.38 233.83 0.5 64.61 0.26 1.78 0.65 66.8 1.1 72.9 0.116 1.06 0.123 0.669 7.13 4.88 0.066 1.86 0.115  20.45 0.64 13 0.00
82.09 0.230 64 7860.59 22.02 4.989 352.40 238.86 0.5 48.58 0.29 191 0.65 50.9 1.2 61.0 0.101 1.06 0.107 0.653 7.36 4.99 0.065 1.64 0.181  15.73 0.63 10 0.00
u 69.77 0.232 66 6681.64 22.22 5.094 363.41 243.90 0.5 40.46 0.35 2.01 0.64 42.8 1.3 56.4 0.097 1.06 0.102 0.637 7.59 5.09 0.064 1.59 0.207 16.71 0.63 10 0.00
81.13 0.248 68 7769.44 23.75 5.199 374.42 248.94 0.5 46.87 0.32 1.94 0.63 49.2 1.2 60.5 0.101 1.06 0.106 0.621 7.82 5.20 0.063 1.68 0.167  19.43 0.62 12 0.00
m 78.99 0.209 70 7564.29 20.01 5.304 385.43 253.97 0.5 45.05 0.28 1.93 0.63 47.5 1.2 58.0 0.098 1.06 0.104 0.604 8.05 5.30 0.062 1.67 0.174  18.92 0.61 12 0.00
q 102.64 0.136 72 9828.74 13.02 5.410 396.45 259.01 0.5 58.61 0.14 1.74 0.62 61.1 1.1 65.0 0.106 1.06 0.112 0.588 8.28 5.41 0.061 1.83 0.122  19.67 0.61 12 0.00
Total 0.00
Ll
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CPT-03
CPTTip CPTsleeve CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (gcln)es CRR7.5 kM CRR rd* Total* Effective* CSReq FSL PL N60 Cn (N1)60 ev  Settlement
(tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa) Stress (kPa) Stress (ksf)  Stress (ksf) (in)
79.98 0.750 28 7658.47 71.82 3.095 154.17 148.20 0.5 61.64 0.96 2.07 0.82 62.9 1.4 87.8 0.143 1.06 0.151 0.935 3.22 3.10 0.066 2.30 0.057 19.15 0.80 15 0.00
127.50 0.531 51 12209.48 50.85 4.305 280.82 206.12 0.5 83.09 0.43 1.77 0.70 85.0 1.1 92.2 0.153 1.06 0.161 0.759 5.87 431 0.070 231 0.059 24.43 0.68 17 0.00
108.99 0.404 53 10436.89 38.69 4.410 291.83 211.16 0.5 69.81 0.38 1.81 0.69 71.8 1.1 80.2 0.128 1.06 0.135 0.743 6.10 4.41 0.069 1.95 0.099 20.88 0.67 14 0.00
129.21 0.464 55 12373.62 44.43 4515 302.84 216.20 0.5 82.09 0.37 1.74 0.68 84.2 1.1 89.8 0.147 1.06 0.156 0.726 6.33 4,52 0.069 2.26 0.062 24.76 0.67 16 0.00
96.41 0.351 57 9231.91 33.61 4.621 313.85 221.23 0.5 59.96 0.38 1.87 0.67 62.1 1.2 72.1 0.115 1.06 0.121 0.710 6.56 4.62 0.068 1.78 0.132  18.47 0.66 12 0.00
101.28 0.293 59 9698.30 28.06 4,726 324.87 226.27 0.5 62.31 0.30 1.81 0.66 64.5 1.1 72.0 0.115 1.06 0.121 0.694 6.79 4,73 0.067 1.80 0.128 19.41 0.65 13 0.00
126.21 0.344 61 12085.79 32.94 4.831 335.88 231.31 0.5 77.26 0.28 1.72 0.66 79.5 1.0 83.4 0.134 1.06 0.141 0.678 7.02 4.83 0.067 2.13 0.073  24.18 0.64 16 0.00
123.65 0.457 63 11840.90 43.76 4.936 346.89 236.35 0.5 74.76 0.38 1.79 0.65 77.0 1.1 84.5 0.136 1.06 0.144 0.661 7.25 4.94 0.066 2.19 0.066  23.69 0.64 15 0.00
116.38 0.293 65 11144.14 28.06 5.041 357.90 241.38 0.5 69.43 0.26 1.75 0.64 71.7 1.1 76.8 0.122 1.06 0.129 0.645 7.48 5.04 0.065 1.99 0.089  22.30 0.63 14 0.00
125.11 0.410 67 11980.84 39.26 5.147 368.92 246.42 0.5 73.97 0.34 1.77 0.64 76.3 1.1 82.7 0.133 1.06 0.140 0.629 7.71 5.15 0.064 2.20 0.064  23.97 0.62 15 0.00
120.32 0.505 69 11521.78 48.36 5.252 379.93 251.46 0.5 70.26 0.43 1.84 0.63 72.7 1.1 82.4 0.132 1.06 0.139 0.612 7.94 5.25 0.063 2.23 0.061  23.05 0.62 14 0.00
120.99 0.413 71 11586.08 39.55 5.357 390.94 256.49 0.5 69.90 0.35 1.80 0.62 72.3 1.1 79.9 0.128 1.06 0.135 0.596 8.17 5.36 0.061 2.19 0.064  23.18 0.61 14 0.00
122.88 0.527 73 11766.52 50.47 5.462 401.95 261.53 0.5 70.27 0.44 1.84 0.62 72.8 1.1 82.8 0.133 1.06 0.140 0.580 8.40 5.46 0.060 2.33 0.052 2354 0.61 14 0.00
E Total 0.00
m CPT-04
CPT Tip CPTsleeve  CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (gcln)es CRR7.5 kM CRR rd* Total* Effective* CSR eq FSL PL N60 Cn (N1)60 ev  Settlement
E (tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa)  Stress (kPa) Stress (ksf)  Stress (ksf) (in)
77.69 0.341 51 7439.27 32.65 4.305 280.82 206.12 0.5 49.86 0.46 1.98 0.70 51.8 1.3 65.9 0.107 1.06 0.113 0.759 5.87 431 0.070 1.61 0.187 18.61 0.68 13 0.00
: 58.20 0.302 53 5573.41 28.92 4.410 291.83 211.16 0.5 36.35 0.55 2.14 0.69 38.4 15 58.5 0.099 1.06 0.104 0.743 6.10 4.41 0.069 1.50 0.244  13.94 0.67 9 0.00
66.59 0.274 55 6376.38 26.24 4515 302.84 216.20 0.5 41.31 0.43 2.04 0.68 43.4 1.4 58.9 0.099 1.06 0.105 0.726 6.33 4,52 0.069 1.52 0.234  15.95 0.67 11 0.00
u- 65.39 0.253 57 6261.73 24.23 4.621 313.85 221.23 0.5 39.99 0.41 2.04 0.67 42.1 1.4 57.3 0.098 1.06 0.103 0.710 6.56 4.62 0.068 151 0.241  15.66 0.66 10 0.00
62.21 0.247 59 5957.15 23.65 4,726 324.87 226.27 0.5 37.44 0.42 2.08 0.66 39.6 1.4 55.9 0.096 1.06 0.102 0.694 6.79 4,73 0.067 151 0.246  14.90 0.65 10 0.00
o 84.52 0.261 61 8093.60 24.99 4.831 335.88 231.31 0.5 51.01 0.32 191 0.66 53.2 1.2 63.6 0.104 1.06 0.110 0.678 7.02 4.83 0.067 1.65 0.175 16.19 0.64 10 0.00
104.30 0.382 63 9987.61 36.58 4.936 346.89 236.35 0.5 62.71 0.38 1.85 0.65 65.0 1.1 74.6 0.119 1.06 0.125 0.661 7.25 4.94 0.066 191 0.104  19.98 0.64 13 0.00
a 82.01 0.369 65 7853.20 35.34 5.041 357.90 241.38 0.5 48.24 0.47 2.00 0.64 50.5 1.3 65.5 0.106 1.06 0.112 0.645 7.48 5.04 0.065 1.74 0.146  19.64 0.63 12 0.00
76.25 0.289 67 7301.57 27.67 5.147 368.92 246.42 0.5 44.16 0.40 2.00 0.64 46.5 1.3 60.5 0.101 1.06 0.106 0.629 7.71 5.15 0.064 1.67 0.171  18.26 0.62 11 0.00
78.05 0.257 69 7473.77 24.61 5.252 379.93 251.46 0.5 44.74 0.35 1.97 0.63 47.1 1.3 59.6 0.100 1.06 0.105 0.612 7.94 5.25 0.063 1.68 0.168  18.69 0.62 12 0.00
m 107.10 0.379 71 10256.06 36.29 5.357 390.94 256.49 0.5 61.60 0.37 1.86 0.62 64.0 1.1 73.6 0.117 1.06 0.124 0.596 8.17 5.36 0.061 2.01 0.086  20.52 0.61 13 0.00
100.37 0.353 73 9611.36 33.80 5.462 401.95 261.53 0.5 56.95 0.37 1.89 0.62 59.4 1.2 69.9 0.112 1.06 0.118 0.580 8.40 5.46 0.060 1.96 0.095 19.23 0.61 12 0.00
> 98.17 0.413 75 9401.17 39.55 5.567 412.97 266.57 0.5 55.05 0.44 1.93 0.61 57.6 1.2 70.3 0.112 1.06 0.119 0.564 8.63 5.57 0.059 2.01 0.086  18.81 0.60 11 0.00
H Total 0.00
: CPT-05
CPT Tip CPTsleeve  CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (gcln)es CRR7.5 kM CRR rd* Total* Effective* CSR eq FSL PL N60 Cn (N1)60 ev  Settlement
u’ (tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa)  Stress (kPa) Stress (ksf) Stress (ksf) (in)
121.52 0.465 39 11637.23 44.53 3.674 214.74 175.90 0.5 86.12 0.39 1.74 0.75 87.7 1.1 93.2 0.155 1.06 0.164 0.857 4.49 3.67 0.071 2.32 0.058  23.28 0.74 17 0.00
m 76.79 0.490 41 7353.65 46.92 3.779 225.75 180.94 0.5 52.99 0.66 2.03 0.74 54.7 1.3 73.4 0.117 1.06 0.123 0.840 4.72 3.78 0.071 1.74 0.143  18.39 0.73 13 0.00
116.81 0.422 43 11185.94 40.41 3.884 236.77 185.98 0.5 80.29 0.37 1.75 0.73 82.0 1.1 88.0 0.143 1.06 0.151 0.824 4.95 3.88 0.071 2.14 0.075 22.38 0.72 16 0.00
q 99.95 0.455 45 9571.06 43.57 3.989 247.78 191.01 0.5 67.46 0.47 1.87 0.72 69.3 1.2 80.3 0.128 1.06 0.135 0.808 5.18 3.99 0.071 191 0.106  19.15 0.71 14 0.00
91.63 0.277 47 8774.05 26.53 4.095 258.79 196.05 0.5 60.82 0.31 1.83 0.71 62.7 1.1 70.8 0.113 1.06 0.119 0.792 5.41 4.09 0.071 1.69 0.158  17.56 0.70 12 0.00
¢ 92.92 0.305 49 8897.83 29.21 4.200 269.80 201.09 0.5 60.84 0.34 1.84 0.71 62.7 1.1 71.6 0.114 1.06 0.121 0.775 5.64 4.20 0.070 1.71 0.151 17.80 0.69 12 0.00
116.37 0.574 51 11143.41 54.97 4.305 280.82 206.12 0.5 75.66 0.51 1.84 0.70 77.6 1.1 88.3 0.144 1.06 0.152 0.759 5.87 431 0.070 2.18 0.070  22.30 0.68 15 0.00
n 96.96 0.312 53 9285.22 29.88 4.410 291.83 211.16 0.5 61.89 0.33 1.83 0.69 63.9 1.1 72.4 0.115 1.06 0.122 0.743 6.10 4.41 0.069 1.76 0.139 18.58 0.67 13 0.00
101.34 0.498 55 9703.98 47.69 4515 302.84 216.20 0.5 63.94 0.51 1.90 0.68 66.0 1.2 78.7 0.125 1.06 0.132 0.726 6.33 4,52 0.069 1.93 0.102  19.42 0.67 13 0.00
m 71.11 0.255 57 6809.52 24.42 4.621 313.85 221.23 0.5 43.67 0.38 2.00 0.67 45.8 1.3 59.2 0.099 1.06 0.105 0.710 6.56 4.62 0.068 1.54 0.224  17.03 0.66 11 0.00
123.88 0.566 59 11862.76 54.20 4,726 324.87 226.27 0.5 76.70 0.47 1.82 0.66 78.9 1.1 88.4 0.144 1.06 0.152 0.694 6.79 4,73 0.067 2.26 0.061 23.74 0.65 15 0.00
97.60 0.322 61 9346.20 30.83 4.831 335.88 231.31 0.5 59.24 0.34 1.86 0.66 61.5 1.2 70.7 0.113 1.06 0.119 0.678 7.02 4.83 0.067 1.79 0.129 18.70 0.64 12 0.00
m 105.10 0.387 63 10064.63 37.06 4.936 346.89 236.35 0.5 63.21 0.38 1.85 0.65 65.5 1.1 75.1 0.119 1.06 0.126 0.661 7.25 4.94 0.066 1.92 0.102  20.14 0.64 13 0.00
: 120.65 0.411 65 11553.79 39.36 5.041 357.90 241.38 0.5 72.06 0.35 1.78 0.64 74.4 1.1 81.5 0.130 1.06 0.138 0.645 7.48 5.04 0.065 2.13 0.072  23.12 0.63 15 0.00
Total 0.00
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CPT-06
CPTTip CPTsleeve CPT Test CPT Tip CPT Sleeve Effective Total Effective n Q F Ic Cq gcln Kes  (gcln)es CRR7.5 kM CRR rd* Total* Effective* CSReq FSL PL N60 Cn (N1)60 ev  Settlement
(tsf) (tsf) Depth (ft) (kPa) (kPa) Stress (ksf)  Stress (kPa) Stress (kPa) Stress (ksf)  Stress (ksf) (in)
85.01 0.248 43 8140.10 23.75 3.884 236.77 185.98 0.5 57.95 0.30 1.84 0.73 59.7 11 68.1 0.109 1.06 0.115 0.824 4.95 3.88 0.071 1.63 0.180  16.29 0.72 12 0.00
65.41 0.228 45 6263.24 21.83 3.989 247.78 191.01 0.5 43.52 0.36 1.99 0.72 45.3 13 58.4 0.098 1.06 0.104 0.808 5.18 3.99 0.071 1.47 0.261  15.67 0.71 11 0.00
63.40 0.236 47 6070.99 22.60 4.095 258.79 196.05 0.5 41.51 0.39 2.02 0.71 43.4 1.3 57.6 0.098 1.06 0.103 0.792 5.41 4.09 0.071 1.46 0.266  15.18 0.70 11 0.00
61.42 0.289 49 5881.48 27.67 4.200 269.80 201.09 0.5 39.57 0.49 2.08 0.71 415 1.4 59.1 0.099 1.06 0.105 0.775 5.64 4.20 0.070 1.49 0.248 1471 0.69 10 0.00
57.53 0.212 51 5508.67 20.30 4.305 280.82 206.12 0.5 36.41 0.39 2.07 0.70 38.4 1.4 54.0 0.095 1.06 0.100 0.759 5.87 4.31 0.070 1.43 0.294  13.78 0.68 9 0.00
58.76 0.202 53 5627.27 19.34 4.410 291.83 211.16 0.5 36.72 0.36 2.06 0.69 38.7 1.4 53.6 0.094 1.06 0.100 0.743 6.10 4.41 0.069 1.44 0.292  14.07 0.67 9 0.00
51.65 0.191 55 4946.45 18.29 4.515 302.84 216.20 0.5 31.58 0.39 2.13 0.68 33.6 15 51.0 0.092 1.06 0.098 0.726 6.33 4.52 0.069 1.42 0.312 12.37 0.67 8 0.00
54.39 0.154 57 5207.97 14.75 4.621 313.85 221.23 0.5 32.90 0.30 2.07 0.67 35.0 1.4 49.4 0.091 1.06 0.096 0.710 6.56 4.62 0.068 1.41 0.321  13.03 0.66 9 0.00
143.26 0.393 59 13718.28 37.63 4.726 324.87 226.27 0.5 89.04 0.28 1.66 0.66 91.2 1.0 92.2 0.153 1.06 0.162 0.694 6.79 4.73 0.067 2.40 0.051  27.45 0.65 18 0.00
159.48 0.448 61 15272.02 42.90 4.831 335.88 231.31 0.5 98.21 0.29 1.63 0.66 100.4 1.0 100.4 0.174 1.06 0.184 0.678 7.02 4.83 0.067 2.77 0.033  30.56 0.64 20 0.00
119.17 0.302 63 11411.25 28.92 4.936 346.89 236.35 0.5 71.97 0.26 1.73 0.65 74.2 11 78.7 0.125 1.06 0.132 0.661 7.25 4.94 0.066 2.02 0.086  22.38 0.64 14 0.00

Total 0.00

Reference: Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistance of Soils ; Journal of Geotechncial and
Geoenvironmental Engineering, Vol. 127, No. 10, October, 2001.
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Appendix D

Slope Stability Analysis
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